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SENER U

"'NUCLPAR ELEGTRIC .5, TECHNICAL TRAINING COURSE

. 2 - SoienCe FundamentalS-~ TaTt3-
5 - Heat & Thermodynamics

v';—l - Definitions

"INTRODUGTION

This lesson’ will deflne speoific heat change of state'of>a B

- . substance, senslble heat, and ouperheat

INFORMATION

We know that in order to raise the temperature of one pound
of a substance by one degree fahrenheit, we have to add a certain

~amount of Heat. The amount of heat required to railse the tempera-

ture of equal weights of various substances by one degree fahren-

‘heit depends on the "Specific Heat' ‘of the substances Therefore,

we can. define Speciflc Heat as follows

','”Specific Heat” - The amount of heat that .
= . . must be added or removed
in order to: change the
temperature of one pound

~of a substance. by one de-

- gree’ Fahrenheit

The Specific “Heat constant is usually denoted with the letter

:l!C' The units used in engineering in this country are British

Thermal Units per poiund per degree Fahrenheit (BTU's/1b/°F).

., Water which is one .of the most oommon substances has a specific
B heat of 1. 0 BTU's/1b/°F, L :

" As an example let‘s calculate the amount of heat required

to’ raise the temperature of 40 pounds of water by 50°F. As prev-

.. iously stated the Specific Heat for water is C =1.0 BTU's/lb/°
’ :‘Then ;

: ﬁto,raise the. temperature of 1 pound of water
© by 1°F, we need 1 X l x 1= l BIU.. '

',to_raise the temperature of 40 pounds of water
by 1°F, we need 40 x l x 1 =40 BI'U's

iltobraise the temperature of Lo pounds of water
;,by;50°F we need 40-x 50 x1= 2000 BTU's
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- Theref'ore, the amount of heat to be added or removed to raise
or Jower the Lcmperature of "W" pounds of a substance by AT degrees
fahrenhelt when the specific heat of the substance is 'C' BTU's/1b/
°F would be 'Q' BTU's.

Thus we can write the formula,

Q=Wx AT X C . ..... e (1)
. where:
Q =,Total'heat transferred in BTU's
W = Welght of substance in pounds
AT = Tl - Ty = Temperature change in

_ the subsgstance in °F
C = Specific Heat censtant in BTU's/1b/°F.

l_’Sample Problem

Find the amount of heat to be added to a boiler feed pump to
‘raise its metal temperature from 75°F to 175°F. Assuming that the
effective weight of the pump metal is 1000 pounds and that all of
its components are made of steel having a specifilc heat constant
_C = 0,11 B'I‘U's/lb/'D .

_Solution

Using equation (1), we have:

Q

]

Wx AT x C

I

1000 x 100 x 0.11

il

11,000 BTU's are to be added.

1.1 Change of State

. ‘The nagority of substances can exist in three different states
i.e., solid, liquid and gaseous. : :

i
t

To change a substance from a solid to a 1iquid'state heat has

"to be added. Conversely, when changing from a liquid to solid, heat

has to be extracted. This change of state can only take place at a
“eertain temperature - namely, the melting point (also known as

- freezing point) for the substance. The amount of heat required to

be transferred per pound of substance to change it from solid to

L liquid or 1iquid to solid is called latent heat of fusion.

' Similarly, to change a substance from a liquid to a gaseous or
vapor state, heat has to be added. Going in the reverse direction,
when condensing gas (vapor) to 1liquid, heat has to be extracted. v
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Agaln this ehangs of dhalbe can Loke plaee only ol o certain Lemp-
cerature - 1,e. al Lhe bolllng point, (Other commonly known namesg
- for Lhig very same temperature are: saturalbion temperature or

- condensatlon temperature.) The amount of heat required to be
- transferred per pound of a substance to change i1t from liguid to

~vapor or vapor to liquild is called latent heat of vaporization,

S Two 1mportanb,pdints regarding the above disoussion should be
~noted: = - _ : R :

" a)  The freezing point temperatures and boiling point temperatures
= of substances vary as pressure varies; e.g. at atmospheric

- bressure, water bolls at 212°F, at 400 psia water bolls at

4”‘“’.5801‘?, . ‘ - v ‘. . . ‘ . . . ‘, . N

b) The temperature of the substance remains constant during the
- time that the transfer of heat involved in latent heat of
fusion and latent heat of vaporization takes place. ILater
lessons will deal with this subject 1n greater detail.

1.2 . Sensible Heat -

Coe in;thé prededing.paragraphs, we have mentioned what occurs at
. the freezing point and boiling point of a substance, but ~mothing
about_what happens in between. ' o L v

o Iet us consider water as an example. At abtmospheric pressure
its freezing point is 32°F and boiling point 212°F, i.e. if
water is at its freezing point, an increase of 180°F is required
to bring i1t to a boil. . From our definition of specific heat you
will notice that to raise 1 1b, of water from 32°F to 212°F (at
‘atmospheric pressure) requires 180 BTU's of heat. ‘ L

We can séy then;vthat,this addition of heét results in a
change of temperature which can be "sensed" by a thermometer, or

- by your hand if you stick it into the water. We can, therefore,
- make the following definition: T : ‘

is the quantity of heat -

required to be transferred

. per pound of a substance in
changing its temperature from
freezing point (or any temp-
erature above the freezing
point) to the boiling point
(or vice versa). : ,

' Sensible Hest

- This quantlty of heat is sometimes also referred to as
"liguid heat" since it takes place when the substance is in a
_.trulY’liquidfstate.‘_H0wever,_thé-term'"sensibleiheat” will be

- used in these lessons. = ’ S -
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' .3 uperhent

. Up Lo this point we have deall wiih changing a substance Irom
a solid to & liquid and from a liquid to a vapor, This vapor is
_still at the bolling point temperature. ’

: If further heat is added so that the temperature rises above
the boililing point, then we say that the vapor 1s superheated.
‘Superheated vapor is vapor at some temperature above the bolling
point temperature (saturation temperature).

To define the state of a superheated vapor, it 1is important
to specify both the temperature and pressure., Often we speak of
- "degrees of superheat" which 1s the difference between the actual
' Temperature of the superheated vapor and the bolling point temper-
- ature for the existing pressure :

For example let us say we have water at a pressure of 400
psia. The boiling temperature at this pressure is U444, 58°F
~ However, if we find that the actual temperature is 520°F at ‘this
pressure, then we would say we have: 520°F - 44U 58°F = 75 42°F
superheat. :

You might say that degrees superheat can also be "sensed" by
a thermometer and therefore we should also refer to it as "sensible
Heat'. ‘This is true, but in order to dlstinguish between heat in a li-
quid and heat in a vapor state,convention has established that heat in
~vapor ebove the boiling point temperature shall be known as super-
heat

1.4 Gas and Vapor

o You will notice from the preceding definitions that the
- terms vapor and gas have been used interchangeably. In thermo-
dynamics, the distinction between gas and vapor is somewhat vague.

A‘H0wever the following can be used as a guide.

If the temperature of the substance is Jjust slightly above
the temperature at which it would condense or turn into liquid,

then it is known as "vapor" If the temperature of the substanoe

- 1s. conslderably above the temperature at which it would liquify,
U‘~then it is known as "gas" .

, A gas generally follows the perfect gas laws, whereas a vapor
does not.

For example, oxygen, nitrogen, etc., at ordinary temperatures

. are gases; whereas, water or alcohol, on’ evaporation would furnish
. vapors. - Steam with high degrees of superheat will behave as a gas.

Di Dueék
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Definitions

b.
I

Assignment

Define ”Specific Heat”
'Define ”Latent Heat of Fusion",
'.Define.”Latent Heat of Vaporization”

. Explain what is meant by . ”sensible heat!",

Define superheat.

ey, 96k (1) i
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NUCLEAR ELECTRIC (.S, TECHNICAL TRAINING COURSE

2 - Sclence Fundamentéls - T.T.3
5 - Heat & Thermodynamics

-2 - Changes of State of Water

INTRODUCTION

: Part of the previous lesson dealt with the change of state
‘as applied to any substance. This lesson will deal with the change
of state for water and expand gpecifically the concept of latent
"~ heat of fusion and latent heat of vaporization.

INFORMATION

1.1 Iatent Heat of Fusion

We know that in order to melt 1 1b. block of ice we have to
- supply heat to 1it; the outside surface will arrive at a temperature
" vof 32°F, at which time the solid will start turning to liquid. If
. this block of lce is in a container, the water formed will remain
kat 32°F until all the ice is melted even though heat 1s being added
'all the time. : '

In accordance with ournlesson on heat definitions, the heat
added to one pound of ice while it completely changes to water at

T 3P°R is called latent heat of fusion.

By the same token, to change one pound of water at 32°F to ice,
~at 32°F, we will have to remove this same amount of heat.

1.2 Iatent Heat of Vaporization

Again let us conslder the same pound of water, used in the
‘previous example, which we now want to change into a gaseous state -
i.e. vaporize., Convention has established another way of saying
the same thing which 1s to change water to steam.

Suppose this pound of water 1s still at 32°F In order to pro-
duce steam, we first have to add 180 BTU's of sens1b1e heat to raise
it 180°F - 1.e., 32°F + 180°F = 212°F, which, as you know, is the
- boiling point for water at atmospheric pressure If no more heat
" 1s added, the water will not boil and steam will not be produced.
Water at the boiling point temperature - i.e. when 1t has been sat-
urated with sensible heat but does not contain any 1atent heat of’

vaporization as yet, is said to be "saturated water!
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However, 1f we keep on adding heat to this pound of water, 1t
~will eventually all end up as steam.

Referring to Filgure 1, let
-us analyze more closely what

ey happens when water changes to
- PRESSURE -steam
REGULATING : '
VALVE. . Assume that we have a glass
wlindow in the contalner, so we
Furly FORMED can observe what goes on inside

HEAT SATURA7ED  and also that the pressure reg-.
, STEAM ulating valve is open so that

I~ LAYIR OF MoISTu4& * the pressure will remain atmos-
LBDEN STEAM, - harie through the process.

WA7ER SUR‘FA &y

! : e  As heat 1s added to the .
; co o et B ) , L o
§£¢F>§?ﬁ aiéédﬁﬂffygtﬂ,; water at 212°F, it will begin to

boil. Looking through the glass
window at the surface of the
- water, 1t would be seen that,
. v as the bubbles of steam break
Fig. 1 through the water surface, they
carry with them small droplets
of water, and in the same space immedlately above the water, would
.be a layer of steam which held entrained, finely divided particles
“of water not yet fully converted into steam. Although these small
particles of water have received a full quota of sensible heat and
are at a temperature of 212°F, they have not yet taken up enough
- latent heat to turn them into steam. On the other hand, the steam
in which they are carried has received the required amount of both
sensible and latent heat.

_ This 1ayer of steam which contains fine particles of water and
1s in contact with the surface of the water is called wet steam.

Assuming that the water 1s bolling gently, this layer of wet
‘steam would remain falrly close to the surface of the water, Above
- this layer would be steam which contains no fine particles of water.
This 1% steam which has received the full quota of both sensible

- -and latent heat and in which all water has been fully converted intd

steam. Steam in this state is called saturated steam because 1t is
in fact, saturated with the full quota of latent heat and is fully

' ,}formed steam.

Note especially, that steam which contains moisture is not
- saturated steam, but wet steam because- it is not fully formed or
" heat saturated :

In accordance with our lessons on definitions, for this parti-
cular example, the amount of heat added to vaporize one pound of
water, the temperature remaining constant is what 1s known as the
’ latent heat of vaporization: :
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If this pound of water were heated 8t11l more after 1t had all

evaporfited, then, of course, we would be producing superheated
steam, ‘

1.3 Condensing

A vapor can be changed back to a solid by extracting heat - ,
1.e. by cooling. Extracting heat from superheated steam at constant
pressure drops 1ts temperature until 1t becomes saturated steam. T&
then condenses at constant temperature until it becomes saturated
- water, Cooling the water at constant pressure reduces its temper-
~ature, and 1t is then known as subcooled liquid. Finally the
subcooled liquid freezes at constant temperature until it becomes

' - ice,

1.4 Definition of Symbols

The units used for latent heat of fusion, sensible heat, lat-
ent heat of vaporization and superheat are BTU's/1b. This unit
 has been defined in Lesson T.T.4-2.5.2.2, _

The following symbols have been accepted by convention to re-
present the varilous quantities of heat referred to in this lesson:

L = latent heat of fusion BTU's/1b.

"hp = enthalpy of saturated liquid (sensible heat) BTU/1b.
. (f = fluid)
hpy = latent heat of vaporization BTU's/1b (fg = fluid to gas).

g = enthalpy'of saturated steam-BTU's/lb = he + hfg (g = gas).

it

welght of ice, water or steam in 1bs.

h
h = total enthalpy of superheated steam BTU's/1b.
W
g = total amount of heat to be transferred BTU's

Knowing the above, we can write the following equations:

il

'a) For latent heat of fusion: gq W x L.
b) . For sensible heat: q = W x hp = Wx C (Tg - Tp)
where: C = Specific heat constant BTU's/1b/°F.

(for water C = 1)
TB = Bolling Point Temperature °F.

Ty = Original liquid temperature °F.
¢c) For latent heat of vaporization: q = W X heg

. .d) For enthalpy of saturated steam: q = W(hp + hfg) = W X hg.

-3 -
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NUCLEAR ELECTRIC G.S, TECHNICAL TRAINING COURSE

2 - Science Fundamentals - T.T.3
5 - Heat & Thermodynamics
-2 - Changes of State of Water

A - Assignment

i. Explain:

~(a) saturated water
(b wet steam
c saturated steam.
2. 'For water at atmospheric pressure, what is the value in BTU's/1b
- of': ' A

(a) Iatent heat of fusion A
- (b Iatent heat of vaporization.

3. Define L, hg, hp,, hg, and h,
4, ’A-75-1b.-block of 1ce ig at atmospherid pressure and a tempera-
‘ ture of -18°F. If you were required to change this to dry satu-

rated steam at atmospheric pressure, how much heat would you
have to add+te this block of ice? ' '
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~ NUCLEAR BLEGTRIC G.S. [WHCHNICAL TRATNING COURSE
2 - Science Fundamentals - T.T.3

.5 - Heat & Thermodynamics

-3 - Uses of Thermal Expansion Effects

INTRODUCTION

In this lesson we will discuss some of the ways in which
"Thermal Expansion Effects" are used in practice.

,INFORMATION

Let us first refresh our memory on the way in which objects
expand linearily and volumetrically. This had been covered in the
T.T. 4 lesson on Thermal Expansion.

An obJect expands llnearlly according to the following

I, = I [; + Cq,(t7 -.tci]'-_ .{;.;. (1)

The volumetric expansion of an obgect is expressed by an

:‘equation as follows

Vl V E.-’rcv(tl-tﬂ _..}.....(2) !

l 1 ‘Applioatlons of Linear Expansion

L Sample Problem No 1

Let us assume that we have to shrink a gear onto a shaft and

that the inside diameter of the gear is 2000 inches and that the
‘shaft has an outside diameter of 2. 002 inches. Both the gear and

- the shaft being at the same temperature

The linear expansion ooeffioient for the shaft and the gear

'.twill be taken as:

= 6, O b lO -6 per. °F

Ve shall‘now calculate the temperature difference (t, - t )
between the gear and the shaft reguired to. expand the geaP's in—

; ternal diameter to 2.002 inches.

~L1=L0E+ cr(te - t'ﬂ |
2,002 = 2,000 [§ - cL(tG - t5)]

'_.May, 1964 (R-—l) T IR - -1 -
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= 2,000 [] + 0,000006 (tq - L;ﬂ

2.002 = 1 + 0,000000 (tG = lg)
2.000

1.001 = 1 + 0.000006 (tg - tg)
0.001 = 0.000006 (ty - tg)

I

0,001 = 1 = 167°F,

,'a'tG - t )
0. OOOOO6 O 006

5

Therefore, we have found that we must. either increase the gear
metal temperature by 167°F or more by heating it, or lowér the
shaft metal temperature by 167°F or more by cooling it with liqudid
nitrogen. I should be noticed that it 1s only important to have
the temperature difference between the gear and the shaft to be

equal to or greatér than I67°F

The linear expansion effect is also employed in bimetallic
metal strips which are used in different types of temperature
switches and thermometres. Here two dissimilar metal strips are
Joined by rivets or by welding. Due to the difference in expansion
coefficients of the two different metals, the bimetallic strip will
bend when heated, since one of the strips will expand more than the
other, This 1is 1llustrated diagramatically below,

i A IPSTMENT ’ -
uﬂ%ﬁu_aﬁf, CREW & NUT Lutdfe
o @i g2 Iy
Ii] \ ) _ 'K-c(_\uT/‘\C,TS CROSED
~{li T CoNTALTS OPEN
BRA;siI|, 5
'wstEEL BRASS CSTREL
i
A

'COLD CONDITION' YHOT CONDITION'

1.2 Applleation of Volumetric Expansion

We shallbnow consider volumetric expansion and see how it is
used in practice,

Sample.Problem No 2

Let us assume that we are to calibrate a mercury thermometer.
The thermometer consists of a glass tube which ‘has a uniform diameter




bore,
- end.
- ‘with mercury.
. column and the top

end 1s capped.

T¢T03~2t5_~3

and a ¢ylindrical glass tube for a reservoir at its bottom
. The regevolr and part of the thermometer tube are filled
"The air.1s then removed from above the mercury
For simpllcity we assume that

. the expansion of the glass tube and reservoir 1s negligible.

R Assume that the mercury and the glass tube are 1nitially at-
-a temperature of 30°F and the height of the: mercury column is

:'__exactly 1",

= 0. 10 x 10 3 _per °F for mercury.
Y emd O Co‘f.LD
s |-|40
h 0491 - %
uliv :;l '
M |

The volume

NN

SN L
\\\\\{ o
}\\‘i\".‘“ e s

- >J|‘<——
t
Y
-
RS
\\\\\\\\
k4

of mercury in the thermometer at 30°F is

i
o 7
oW
A 4 . o .
} 4}/"[):chc06) D
-“/'/ {3 ’

Vo = AREA x HEIGHT = 7D° H + ¥D2 h
S -
Vy =1 x 0,108 x 0.5 + 1 x 0.0052 % 0.5
b 4.
= 0.5 x 3.14 (o 2 o |
» . (0.1% 4 0.005%) = 0.3925 (0.01+0.000025)

13

0.3925 (0.010025) = 0.0039348125 in3

0.0039348 1in3

Now let us calculate the distance at which the LQ°F mark has

to be etohed from. the 30°F mark by using equation (2)
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V, [} + Cy (by - tOlJ
0.0039348 [1 + 0.0001 (40 - 30)]

0.0039348 [1 + 0.001]
0.0039348 x 1.001

gﬁ
i i ] i

fl

0.0039387348 in3 = 0.0039387 in3
(0.0039387 - 0.0039348) in3

It

" Increase in volume vy - Vo

il

0.0000039 1in3

The cross-sectional area of the small diameter portion of the
glass tube is: ’

A= 7d2
m
= T X 0.0052 = 25 x 10—6 X 3.14 = 19.625 X% 10_6
g I

i

0.000019625 in?
 The distance between the 30°F and 40O°F lines is then:

hy = Vy = V5 = 0.0000039 = 0,198"
A 0.000019625

'By'changing the diameter ratio D/d we can vary the distance be-
tween the adjacent graduation lines on the thermometer as desired.’

The volumetric expansion principle is also used in many other

_devices, especially in various controls like temperature control
‘valves, copes single element feed water control valves, etc.

D. Dueck.
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. The length of the Harvard Bridge is 2000 feet. Calculate the

- difference in lengths on a winter day, when the temperature is -QO%F
- -and a summer day when the temperature is 80°F. Use C. = 6.0 x 10~
~per °F for the coefficient of linear expansion for steel.

. A surveyor's 100 ft. steel tape is correct at a temperature of 65°F,
The distance between two points, as measured by this tape on a day
~when the temperature is 95°F is 86.57 feet. Find the true distance.

- between the points. Use Cy = 6.0 x 107° per °F.

. A steel container holds 100 cubic inches of 1liquid at 80°F when

- filled to a certain mark. As the liguild is heated to 180°F, it
expands and occupies 110 cubic inches of volume. Find the volumetric
. expansion coefficient €, for this liquid. Assume that the volume

of the metal container does not change, -

Mey, 1964 (R-1) . | | -1-
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‘NUCLEAR ELECTRIC G.S8. TECHNICAL TRAINING COURSE

2 - Science Fundamentals - T.T. 3
5 - Heat & Thermodynamlcs

-4 - Expansion of Gases - Gas Laws

O 0 INTRODUCTION

In this lesson we w111 dlscuss the expansion of gases.

l.O INFORMATION

When a gas undergoes expansion or an increase in volume then
"work is done by the gas. This may be easily illustrated by means
of a cylinder fitted with a piston which allows no leakage and
' whlch is loaded with a number of* weights as shown below.

o
o _ _cylinder Agv
I -_--—--/ . o
| =N
| | s 3 [T |
| AT _—~Weights A
: N : :2 g)ov ,
| 4%25 /2//Piston M ole
:J‘: 3
VL L £ iili ~cfiange in pressure
) )

 Pressure, PSIA

The number of weights on top of the piston determines the
pressure of the gas in the cylinder. Now, if we want the gas to
expand we have to reduce its pressure and we can do this by remov-

- ing weights from the top of the piston. As some weights are remo-
- ved from the top of the piston the gas will expand, pushlng the
© piston and the remaining weights upward and so does work in
lifting these weights. If we take volume and pressure readings
as we remove. the weights one at a time, we can plot the etpan31on
curve "A" - "B of the gas as is shown above.

'May 1964.<R-l), ) _ E R | -1~
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uhoud we on the other hand add welpghts to the piston

“when the lalter is in position "B" then we will compress the gas

in the cylinder. agajn and the descending welghts would do work
on the gas.

o We shall now define the ratios of expansion and com-
-pressiong o ’ ' ‘

Volume at end of Expansion
- Volume at beginning of Expansion

VRatlo of Expansion =

' \ ' . _ Yolume at beginning of Compgession
Ratio_of Compres31on ~ Volume "at end of Compression

: It should be noted that both ratios give a value greater
- than unlty, since the larger quantity is in the numerator.

vl l Gas Laws

o A perfect gas is a gas which obeys Boyle's law and to
" which Joule's law of energy is appllcable. Both these laws shall
~ now be dealt with below. : _ :

"Bovle s Law": The volume of e given mass of a perfect
T gas varieg inversely as the absolute
- pressure when the temperature is kept

~constant.
R ) The above definition can be expressed'algebraically as
- follows: : ‘ : '
- 4
v d’P
- where P = the absolute pressure of the gas

v = Volume occupied by the gas when the pressure is
equal to P,

By introducing a constant = C we can write the above expres-~
sion in form of a formula as follows:

LV = % (1) or  VxP=0C (2)

) ‘The above formula shows that the product of the absolute
pressure and volume of a given quantity of gas is constant when
'the temperature does not change. _

- Let a quantity of gas at pressure Pl and volume Vl change
~its pressure and volume in a cylinder (expan31on) w1thout change
~of temperatureo-

Let P2 and V be the final pressure and volume respectlvely.
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This can be'jllustrated by the following'preseure - vdlume'curve.

Inlulal State P01nt

,/’//// Pressure-Volume or Expan51on Curve

B
e o
Q- ‘ /J///Flnal State Point
= i
ool ; .
>«

, 7]p4i

VOLUME —

Then anywhere on this expansion curve

PV = ¢C
e Pivl c and PV, =C
and therefore ’
PV =PV, (3)

- Equation (3) is a useful working form of Boyle's law as it
avolds the necessity for calculating the value of the constant C.

It is important to remember that volumesV g V' must be ex-

pressed in identical units and the same applles for pressures
Py¢ P When.u31ng equatlon (3).

" Sample Problem:'

‘;Four cubic feet of a gés-et_an initial pressure of 120 psia
~expand at constant temperature until the volume is 20 Ft3.

Find the final pressure in pounds per square foot.

Solution: | |

~ According to Boyle's law

Pl'Vl = P2V2 andAby traﬁsposing we get
‘P2' = PiVl o whereiPl‘z 120 psia = %&& PSF‘abs.
T vy = b e
| | v, =20 FE3
*v Py =120 x % _ 0,167 PSF abs.

W x 20 e - -3
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MCharles! Law":  The total volume of a given quantity
: T of gas varies directly as the absolute
temperature when the pressure is kept
~ constant.
This can be expressed algebraically as follows:
VLT

vhere V = total gas volume in Ft3
-+ T = gas temperature in °F abs. = 460 + °F

‘ o The above expression can be written in an equation form
as follows: : o :

v =rrct (4)
where Cl is a constant

However, equation (4) can also be written in a more
useful way and namely ' - : :

v, v -
1 .0 -
1 -2 (5)
e B |

It should be remembered that volumes Vy¢ V, must be
expressed in identical units. Also Temperatures Tlg T2 must be
both expressed in °F absolute when using equation (5)

1

‘Sample Problem:

Ten cubic feet of gas at 100°F is heated up to 200°F while
‘kept at a constant pressure. Find the new volume that the gas
occupies when heated. ' :
Solution:

Using Charles! law

T—;- T and by transposing we get
1 2 ,. C ,
Vy =T, x V; where V, = 10 Ft3
Ty | Ty = 100°F = (460+100)°R abs.
| I, = 200°F 2 (460+200)°R abs.
e Vo = 660 e ha w3
2 “T%0 X 10 = 11.79 Ft°

- D. Dueck -
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| Seilence Fundamentals - T;T.3_
5

- Heat & Thermodynamics
Sl Expansion of Gases -~ Gas Laws
A»-’Assignment,

Define ratio of expansion
Define ratio of compression

Define "Boyle's Law'.

. An air receiver has an internal volume of 100 Ft3.

Calculate the pressure in the receiver when 600 Ft3 of

- air at 14.7 psia are pumped into the receiver. Assume

D)
2. a)

5
3. "a)

‘b):

14,7 psia.

that the air receiver was initially filled with air at

¥

Define "Charles' Law".

Find the volume of a gas that initially occupied 30 Ft3
while at 80°F when it was heated to 500°F. Assume that

the pressure remained constant.

MaY«i96H (R-l);"~x :' . ’ 1 | T te
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2 = Sclence Mundamentals - T.T.3
5 - Heat & Thermodynamics

~5 - Expansion of Gases - Characteristic Equation
of a Gas

0.0 INTRODUCTION

In this lesson, we shall continue discussing gas laws and
the work done by expanding gases.

1.0 INFORMATION

In actual practice the pressure, volume and temperature of
a gas may all change at once. In this case, because of pressure
changes, Charles" Law will not apply, and, because the temperature
changes, Boyle's Law will not apply. On account of this, we re-

quire some vrinciple by which to treat this so common and import-
ant case.

Let's assume that this change in state is taking place in two
stages:

(a) By a change according to Boyle's Law, followed by
(b) A change according to Charles' law.

Let us consider a given quantity of a perfect gas at press-
ure P,, volume V., and temperature T,, in a cylinder "A", The

same gas is found later to be in the state PZ’ Vo, T2 as in
cylinder "C%",

A o 5 o
v
PPN IY
7 ) PQVT:L . -
. //C/// PoV,T,
- PaniTy »

We may imagine an intermediate state as having existed,
shown at "B", Then, because the temperatures are the same in "A"
and "B" the change from "A" to "B" follows Boyle's Law. .

May 1964 (R-1) ' -1 -
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- mhgfefqre Plvl. = PZV
L V= By e

~ . In the change from "B" to "C", the pressure remains the same,
- whilst the temperature changes; hence Charles!' law applies.

PN '%e :32~
:f_l Tz

o'  V‘ =V » - R
. Tg o - (2)

In equaﬁions 1 and 2, the volume V is the volume in "B" and
‘therefore is the same quantity for both equations. Thus by com-
bining equation 1l and 2, we get R S ‘ ‘

e TR T
+L.o22 ()

. ~It;is'dbvious, by similar réasoning, that if" this: quantity
~of gas underwent a further change to the state P35‘V3, T3,,the
- equation 4 could'be»added’to as follows. - T

Dl BV BV,
i-il';' T2~ ?T~T3'
! We may now express this as follows: ’The-product‘of the
- Pressure and volume of ‘a quantity of gas divided by its absolute
temperatire 1s a constant and we may -express this algebraically in
the.follpwing manner: - - ; : ?
- :%g_z‘K or PV = KT S S (5)
~ Where K is a constant,

s When we considered Boyle's Law and Charles' Law we said
nothing about the weight of the gas concerned,’

’: The’weight is important in many calculations because it is

needed to calculate heat quantities. The weight depends upon the
density, that-is, upon the specific volume of a gas. :

-2 | :
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v Tha density and specific volume of a gas are defined as
) followssyp ,

"Density of a gaé or vapour 1s the weight of
unit volume at a given temperature and  pres-
sure“ :

E : The unlts usually used for density are'pounds per cubic
”foot (lb /ft3) A .

"Specific volume of a gasg or vapour is the
volume of unit weight at some. glven temper-
»_‘ature and pressure'.
The unlts used are usually cubic feet per pound (ft3/lb )

~We will now show that the constant K in equatlon 5 -includes
welght of the gas.

Let V spe01flc volume of a particular gas, while P and T
are its pressure and temperature.

" Then V = WV where w welght of gas used in pounds and
since PV = KT : '

ot PWT, = KT and o
LR =K ()
wher §‘is a new constant. If, then, we deal with 1 pound
; w
-oF gas which is represented by V g “then the value XK will
a1Ways be the same for any glven klnd of gas. W
Lettlng 5 ='R ' R = a new constant
~then K = wR and substitutlng in equation 5 we get
PV =wRT . (7)

» We may'alSO-write equation 7 in thebfollowing form
=R NE:D
Both equatlons 7 and 8 are important ones. Equation 8 is

called the "Characteristic equation of a perfect gas", and "R"
cis called the "Characterlstlc gas constant!,

For alr R=53.3

: “In using equations 7 and 8 careful attention must be given to
. the units to be used,; The follow1ng unlts should be used.
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- Po= pressure 1npounde per Cquare foot absolute
T = tamperatnre in °R absolute. .
" V = specific volume of a gas in cubic feet per pound.

% V = volune of gas in cubic feealb
“w m yweight of gas in pounds._}

vSample Problem No. 1 '

any Calculate the temperature after a perfegt Uas has expanded
~ from Pl 120 p31a,‘ 1_- 200°F and Vl = 1 F¢t = 30psia

and V, = 3 Ft5,

?Solution: 'Usihg_equationp# we'heve

P,V PV,

CEle 22 gnien when transposing gives us
gy ‘Télz_P2V2 x Tl =30 x3 (460+zoo) = 495°F abs.
e PV - I20x 1

PIVy
ﬂ = 495 _145033 - 3§?F

Sample Problem No, 2er'
8 | A cyllnder containing a perfect gas has an internal volume
v —-2 5 Ft3 and a pressure P, = 2000 psia when T, = 60°F, calculate

the pressure P2 in the cyllnder when the gas temperature was in-
hcreased to 100¢F, - _

Solution: ‘Using equation 5 and'trahspOSing we get

P =PV, here v, e'v_.z’a(s Ft3
Tlv2 cobeEm ,
ot 92.= 2000 % 2.5 (u60+1oo) 2000 x 560 = 21 si
- (460+60) 2.5 T 520 =

»Sample Problem No. 3

. Three. pounds of a gas at 120 psia and 176°F are placed in a
cyllnder. Whatls the volume of the cyllnder if R = 53.9

.Solution;_~Uslng the characterlstiC-gas equation.
- PV'ekaT and trénsposing we get‘

~f<v2e - 3x 6% 9 (u6o+176)
o P : eh# x 120

75 x 636

5.2#,Ft3 |
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Huple Lroblon Noy X

E The specific volume of o
(N.T.P.) 1is 11,21 Ft3. What
- cylinder 5 Ft., long by 5 inches in diam
1400 psia and temperature is 15°C? '

» Soiution:

Xygen at normal temperature pressure
weltht of oxygen i1s contained in a
eter when the pressure is

At N.T.P. the pressure P = 14,7 psia and T = 32°F
' = (460+32)°R abs.

Therefore by applying equation 8 we can first find the
- gas constant for oxygen. . ' .

PV, = RI

R=PV_ (14,7 x h) x 11,01 _ 48.3

T 492
Changing Centigrades to Fahrenheit scale, we get
15°C = <% x 15 + 32)°F = 59°F

i

(460 + 59)°R abs.
= 519°R abs.

| 2
Area x lepgth ;Ei—ﬁﬁx 5
_ - X1

122'w = 0.682 Ft3
1 ,

Cylinder volume

fl

Applying now equation 7 we can find the weight of
oxygen in the cylinder

1

PV = wRT :
W= PV = (1400 x I44) x 0.682 _
T 8.3 x 519 T s

D. Dueck
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I
. a temperature of 68°F without change of pressure. Find the

2 - Science,Fundamentals

A
'

Heat & Thermodyhamics

T
\
1

Expansion of Gases -. Characteristic Equation
of a Gas

A Assigrment

A volume of air, 12.39 Ft3 at 32°F and 14.7 psia is raised to
new volume, and the work done by the_air during the expansion
in foot-pounds. [Work a P (V2 - Vl) . '

pressure and at a temperature of 25°C.

(a) Calculate the volume. of 15 pounds of air at 100 psia

(b} If this air is now heated to 50°C at constant volume,

- what will be its new pressure? .

Two pounds of air at 80°F and 100 psia are'placed into a
space. Find the volume of the space when the gas constant
for air is 53.3. - - T

ey a6 a1 -1-
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2 « 8cilence Fundamentals - T.7.3

5 - Heat & Thermodynamics

-6 - Graphs

INTRODUCTION

Work in Nuclear Power Plants involves a great quantity of
varlable data. This data can be presented in table form or on
charts in graph form. Tables or specifically, steam tables will
be dealt with in a later lesson. Thils lesson will deal with
graph making. ,

Generally speaking, tables are of great value, but 1t is

difficult to take in all the facts at a glance. In other words,

it is not easy, for example, to compare gquickly the rate of change
of the boiling point with the rate of variation of pressure. As

an alternative to tables, a graph can be drawn in which the figures
are shown as a line drawn between selected points. After a little
practice, it 1is possible to appreclate the knowledge the table of
figures contains by a single glance at a graph of this sort. For

~detailled accurate calculations, the tables are preferable, but it

is the object of this lesson to convey general lmpressions and an
understanding of graphs will be of assistance.

INFORMATION

Temperature Pressure Graph

In the lesson on definitions, we mentioned that the boiling
point temperature of a liquid changes as pressure changes. This
fact will be used as an example to illustrate the method by wh.ich
graphs are constructed,

The followlng table lists a number of different pressures in
psia (pounds per square inch absolute) and the boiling point temp-
eratures for these pressures. The valueg have been arrived at by
gpecialists in this field through carefully controlled experiments:

P?ggiﬁge 4.7 100 | 200 |300 400 |500 {600 {800 {1060

Boiling

Temperature | 212 327.8) 381.8]417.3 |44k 6/467.0|4862{5182|54) ¢

°F

May, 1964 (R-0) ‘ | R
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sl dtep

(traphy are generally plotted on squarced paper, as 1in Flgure
1 which for thils case is 10 x 1lOsguares per cm. As a first step,
two lines are drawn, one horizontal which 1s called the "abscissa",
and the other vertical which is called the "ordinate'". When re-
ferring to both lines, at the same time, we say that they are
"co-ordinates" of the graph.

The variables in this case are pressure and temperature. In
order to plot these variables on a graph, we have to lay out suit-
ablegcales, one for temperature and one for pressure along the
ordinate and abscissa respectively. With few exceptions, the scales
always start off from zero at the point where the ordinate and
abscissa meet, We notice then from the above table that the range
~of the pressure scale will have to be from O to 1000 psia, and
the temperature scale from O to approximately 550°F Obv1ously,
the pressure scale will have to be the longer one, therefore we
use the line along the longer side of the sheet of Figure 1. for
pressure and let us say that we designate it as the horizontal
line or abscissa.

In this particular case, a distance of 2 cm for 100 psi has
been used since the total length of scale thus fits conveniently
along the sheet,

Similarly, 2 cm. for 100°F works out as a convenlent length
on the vertical temperature scale but we have to extend it to
600°F in order to be able to plot the 54U 6°F figure.

Second Step

Now that we have established scales on the squared sheet, we
can proceed to the second step, figure 2, and that is to plot the
pressure-temperature points.

Referring to the above table, the first pressure value is 14.7
psia., Select the point along the horizontal scale corresponding
with 14.7 psila and erect a vertical dotted line. The boiling
temperature for this pressure is 212°F.; select the point on the
vertical scale corresponding to this temperature and draw a dotted
horizontal line. .The point where these two dotted lines intersect
is one point on the graph. Mark it with an X. Continue this pro-
cess for the remaining set of values and the graph is beginning to
take shape with a series of X's as in Figure 2.

Third Step

Connect all the X's with a smooth curve as shown in figu:r- 3.
This new line shows the relationshlip between pressure and temg=ra-
ture and can be used to find the temperature of the boiling point
at any pressure by running vertically from the pressure chosen, ==
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the curve and then herizentally Lo the temperature llinc, The poinl
on the temperslure 1ine will lIndlcate the temperalure of boiling

point 'or Lhe pressure chosen,.

The dotted lines are used in this example for clarity but nor-
mally they are omitted when using squared paper,

In science and engineering it is very common to compare other

variables in this way and the same method may be used to compare
.temperature and heat as will be illustrated in the next lesson.

. D.G. Dueck
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NUCLEAR ELECTIIC G5, TACHRICAL TRAINING COURSE

Do Gelence Puntamentals - T,T.3
S - Heat and Thermodynamics
-6 -~ Graphs

A - Assignment

1. a) Define abscissa.
- b) Define ordinate,
c) Define co—ordinates.
2. The following table lists various temperatures (in ascending

order) opposite which are glven the p.essures at which sat-
urated vapor conditions for water exist.

Temperature 32] 1501 .9501 350[ MOOI‘ MSOi 500
o] F . ) '

Pressure o‘1l 3.71 29.8 134.6{é47.2!422.6l68o.8

Plot the graph for these values., Label the scales.

August 1964 (R-1) -1
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2« Sclence Pundamentals - T.7T.3
5 - Heat & Thermodynamics |

-7 - Steam and Water

INTRODUCT ION

In this lesson we will discuss steam and water behavior, in
terms of pressure, temperature and enthalpy and illustrate their
relationship in graphical form.

INFORMAT ION

You will recall from the lesson on definitions, we defined
enthalpy as heat energy and that it is measured in Btu's/1b.
Also in that lesson we defined terms such as sensible heat, satur-
ated water, latent heat of vaporization, saturated steam and super-
heat. We can now illustrate in graphical form how these quantities
of heat vary as temperature and pressure vary.

However, before we begin there are two things we should take
note of at this point:

1. In all calculations involving steam power plants, conventional
and nuclear, enthalpy is arbitrarily taken to be zero for
water at 32°F.

You will recall that previously we had mentioned that in
order to produce ice, we had to extract latent heat of fusion
and ‘that if we extract still more heat, we will eventually
arrive at an absolute zero temperature. For steam and water
in steam power plants we disregard ice and melting phases of
water since they are insignificant to their operation.

2. The specific enthalpy of steam is not the same as the specific
enthalpy of water. 1 1b. of steam does not require quite as
much heat as 1 1b. of water to raise it 1°F.

Temperature-Enthalpy Graph

A1l the properties of steam and water which we are going to
discuss in the following pages can be found in steam tables. These
will be discussed in a later lesson.

May, 1964 (R-1) ' : -1 -
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Now then, to proceed with the graphical representation
ahowlng the relationship of temperature, enthalpy and pressure
construct what 13 called a temperature-enthalpy graph. The steps
involved are similar to the ones outlined in the lesson on graphs
We again let our temperature scale say O - T00°F, be the ordinate
and this time the abscissa will be the enthalpy scale from say
O - 1400 Btu/l1b. as 1s shown in Figure 1. :

Assume we begin with 1 1b. of water at 32°F and at atmosph-~
eric pressure. As no heat has as yet been added one of the points
on the graph will be 32 on the temperature scale, and O on the
enthalpy scale. This is shown at point 'A',

Next, we commence to add heat till the water is heat "satur-
ated" at 212°F, As we stated previously, this is "sensible heat"
and the quantity involved at atmospheric pressure is 180 Btu.
Thls establishes a point 'B' where the broken horizontal line at
212°F intersects with the broken vertical line at 180 Btu/1b.

All the water is now at 212°F. To change the state of water
to steam, we have to add the latent heat of vaporization as de-
fined previously. With the pressure stlll being atmospheric the
temperature will remain constant during this process. ' We find
we have to add 970 Btu, to completely evaporate one 1b. of water;
we now have heat '"saturated" steam with a total enthalpy of
180 + 970 = 1150 Btu for 1 1b. This establishes another point
'C' on the graph - 1,e. where the horizontal broken line at 212°
F intersects with the vertical broken line at 1150 Btu/1b.

If we now join points A & B and polints B & C with solid
lines we have a graph ABC representing diagrametically the job
done in adding 1150 Btu to 1 1b. of water at 32°F, at normal
atmospheric pressure resulting in the generation of 1 1b. of heat
saturated steam at 212°F,

Temperature Enthalpy Diagram at Various Pressures

In earlier lessons, we mentioned that bolling point temper-
ature varies with pressure. Figure 2 is a temperature-enthalpy
diagram which has been plotted from data obtained from steam
tables. This graph shows that the higher the pressure, the higher
the temperature at which water will start boiling.

However, in addition to this fact, you will notice that the
higher the pressure, the greater the quantity of sensible heat
required to bring the water to its boiling point Temperature.

On the other hand, the higher the pressure, the smaller is the
quantity of latent heat of vaporization required to convert all
the water to saturated steam. That is, the line BC gets shorter
and shorter as the pressure gets higher and higher, until: the
pressure reaches 3206 psia which is called the critical point
where the latent heat of vaporization required to convert water
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to saturated steam 1is equal to zero., When water at this pressure
reaches 705°F, it changes instantly into steam without the addi-
tion of any further heat. TFor pressures and temperatures equal

to or higher than the critical polnt there is no visible differ-
ence between liquld and vapor. There are no steam plants in
Canada (conventional or nuclear) operating at these high pressures
and this information is glven as a point of interest only.

Temperature Enthalpy Diagram for Superheat

So far we have discussed the formation of steam only up to

.the point where it 1is saturated vapor - i.e. still at the boiling
point temperature, but containing no water droplets. Bollers in
our nuclear stations produce steam at or near saturated vapor con-
ditions. You can see that as soon as some of the heat is extracted
from the steam as it passes through a turbine, that water droplets
will start to form bringing the vapor into the wet steam region,
This is the beginning of condensation, Droplets of water rassing

through a turbine are undesirable because they will erode the
blades.

Therefore, it is desirable to add more heat to saturated
steam (i.e. raise its temperature above boiling point temperature)
so that a lot of energy can be extracted from i1t before it starts
to condense. As we had defined previously, any addition of heat
to steam which is already saturated is called superheat and the
‘temperature above saturation Temperature for a certain pressure is
called degrees of superheat.

To see a graphical illustration of this, refer to figure 3.

You will notice that the line ABC is exactly the same graph as in
figure 1. Let us say we want to have superheated steam at 600°F
and 8t11l at atmospheric pressure. The total enthalpy of 1. of
steam under these conditions 1s 1333 Btu. This is plotted as point
'D'. If we now Jjoin CD with a solid line, we have the graph ABCD
which represents the work done to raise 1 1b. of water at 32°F and
0 Btu/lb. to 600°F and 1333 Btu/lb. Theoretically, this is the :
amount of work we should also get out of 1 1b. of steam as it pass-
es through a steam englne or turbine if the machine were 100%
efficlent,.

We started this lesson by stating that we wanted to show the
relationship between pressure, temperature and enthalpy for steam
and water. This relationship can now be illustrated in figure U
which combines figures 1, 2 and 3.

- You will notice that the solid line from 32°F, to Bg 1s the
same as that shown in figure 2. The area to the left of this line
represents the l1iquid phase of water.

Referring back again to figure 2, all the points marged ‘Cf
have also been plotted on figure U4, but they have been joined with
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a 80l1ld 1ine and this line combined with line 32°F By forms a
horseshne~ghaped eurve, The whole area under Lhls hOTbPBhOe~
shaped curve represents the wet steam replon where you would {ind

drnplets of water In steam, Any point along line 32°F,BH repre-
sents saturated liquild; any polnt along line C3Cg repre%ents gsat-~
urated sﬁéam i

We have saild that adding heat to saturated steam produces
superheated steam, therefore, any point to the right of the
horseshoe-shaped curve would represent superheated steam. Ob-
taining our information. from steam tables, we can thus plot lines
of superheated steam for the varlous pressures shown. Figure U
shows the superheated region for temperatures up to 800°F. Mod-
ern conventional steam power plants generally operate with steam
at 1000°F to 1100 °F.

Figure U represents only a skeleton of a normal temperature
enthalpy diagram. But if one had accegss to a completed tempera-
ture-enthalpy diagram, then knowing two of either pressure, temp-
erature or enthalpy of steam, one could,determine where on the
diagram this condition would appear and how much work one could
expect to obtain from the steam.

A more detailed dlagram than the, temperature-enthalpy diagram

and one which is more commonly used for steam power plant work is
the "Mollier Chart" which will be covered at the T.T.1 level.

D.G. Dueck
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NUCLEAR KLECTRIC G.8. TEKCHN TCAT, TRATNING COURLE

? - Sclence Fundamentals - T,T.3
5 - Heat & Thermodynamics
-7 - Steam and Water

A -~ Assignment

1. 1In what way does pressure on water affect:
(a) the quantity of sensible heat required?
(b) the quantity of 1atentAheat of vaporization required?

(¢) the boilling point temperature?

2. Given the following data, plot the temperature-enthalpy diagram:-

ey 1 | 1%.7| 200 | 400 | 900 | 1500 3206
- Temg;rature 102 | 212 | 382 | W45 | 532|596 800 | 705 {800
hp Btu/lb. 70 | 180 | 355 | 42L | s27]611] - | 910 -
hg Btu/ib. | 1105 |1150 |1199 |1204 | 1197 |1168| - | 910 | -
"h  Btu/1ib. - - - - | - - | 1362 - |1251

Label the liquild phase, saturated liquid line, wet steam region,
saturated vapor line, superheat region.

May, 1964 (R-1)
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NUCLEAR LLECTRIC G.S. TECHNICAL TRAINING COURSE

2 - Science Fundamentals - T;T.3
5 - Heat & Thermodynamics
-8 - Steam Tables

INTRODUCTION

In this lesson we will discuss the arrangement of tables
listing the properties of steam and water covered in the lesson
on steam and water and some of the ways in which these tables are
used in practice.

INFORMATION

1.1 Steam Tables

The properties of steam and water are arranged in
tables called "steam tables". The ones most commonly used on
this continent are "Thermodynamic Properties of Steam" by J.H.
Keenan and F.G. Keys, published by John Willey & Sons, Inc., -
New York. However, these are too extensive to be reproduced here.
Included in this lesson are tables 1 to 3 which are not as ex-
tensive as the Keenan & Keys tables and not quite as accurate
but adequate for purposes of this course.

The first table has the properties arranged against
temperature in degrees Fahrenheit for saturated water and satu-
rated steam. In the first column are the values of steam and
water temperature (in degrees F) against which, the other proper-
ties are listed.

The next two columns give the corresponding saturation
pressure (in absolute figures); one gives values in psia,while
the other one gives values in inches mercury ("Hg.) Then there
are three columns giving specific volune (i.e. cubic feet per 1b.
of water) of saturated liquid Voo of liquid and vapor mixture Ve

£

and of saturated vapor vg respectively. ©Similarly there are three

columns for enthalpy - one gives enthalpy of saturated water _
(above 32°F) hf, the second one enthalpy required to change satu-

rated water to saturated steam, which is really latent heat of
vaporization, the third one gives the total enthalpy of satura-
ted steam, hg. The last set of three columns give the entropy of

May 1964 (R-1) : -1 -
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saturated water ey entropy change during evaporation S and

entropy of saturated steam sg. The term entropy has not been

mentioned previously. It is a property of steam and water and
will be covered in detail at the T.T.2 level. For the moment
just remember that the information on entropy is included in
steam tables. ‘

In looking over table 1 notice that:

1. Vg = Vg + Ve
g
hg = hf + hf
g

S, = 8o+ S
f f
& g

2o The values given in steam tables are for 1 1b. of water or
steam only. This applies to table 1 as well as to tables
2 and 3.

Table 2 has the gsame properties listed in table 1
except that the pressure and temperature columns are interchanged
thus making it easier to select values corresponding to given
pressures. _

Table 3 lists the properties of superheated steam
against pressure and temperature. The first column lists the
steam pressure in psia and corresponding saturation temperature.
Across the top of the table is listed the temperature of super-
heated steam. Under each temperature and opposite each pressure
are listed the specific volume (v) enthalpy (h) and entropy (s).

In any of the tables, the properties at values of press-
ure and temperature fallirg in between the listed values are founc
by interpolation.

1.2 Sample Froblem No., 1

How much heat is required to warm 3200 1b. of water
from 70°F to 18Q°F?

Difference in enthalpies (Table 1) is 147.9 = 358.7
= 109.9 ..IL/1b,
or just take the difference in temperatures
180 - 70 = 110 BTU/1b.

Then

ct

110 x 3200 = 352,000 BTU is the total -
required.
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1.3 Sample Problem No, 2

How much heat is needed to convert one poud of feed-

water at 200°F into dry saturated steam at 1 si ;
(150 psi abs)? 35 psi gauge

Enthalpy of feed water at 200“F (Table 1) is 168.0 BTU/1b.

- Enthalpy of dry saturated steam at 150 psia (Table 2)
is 1193.8 BTU/1b. ’

Difference in enthalpies

1193.8 - 168.0 = 102%.8 BTU/1b.

1.4 Sample Problem No. 3

How much heat would be needed to convert one pound of
feedwater at 300°F into superheated steam at 700 psia and
900° F'?

Enthalpy of the water is 269.6 BTU/1lb.

Enthalpy of the steam (Table 3) is 1458.2 BTU/1b.

Heat neéded V

58,2 - 269.6 = 1188.6 BTIU/1b.
1.5 Quality of Steam

Steam exhausted from condensing turbines - like the
NPD and the Douglas Point turbines - usually consists of a
mixture of saturated steam and saturated water. This mix-
ture, commonly termed "wet steam' must be measured according
to its amount of water and steam content in order to deter-
mine its energy or enthalpy content. This is done by stating
either percent moisture or percent quality. These terms are
defined as follows: '

v = % moisture = wt. of saturated water in mixture in 1b x 100
total wt. of saturated water and steam
x = % quality = wt. of sabturated steam in mixture in 1b x 100

total wt. of saturated water and steam

Percent quality could just as well have been called per cent
steam, but custom has fixed on the former term. Note that for
any mixture

% quality + % moisture = 100, or x + y = 100 ... (1)

- 3 =
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Knowing the malte up of the mixture hy either of the fore-
going percentages, it 1s possible to determine its volivue and
enthalpy with the aid of steam tables as follows:-

(a) when the quality is given

Enthalpy of wet steam = (100-x) he + _x_h
100 100 &

=h.+ _x (h-~h.) =h.+_x h
f 906 & f S T T
where hf = enthalpy of saturated water

= enthalpy of saturated steam
heat of vaporization

BTU/1b. ves (2)

=y
[

h

Al

Te

{b) when moisture is given

Enthalpy of wet steam = _y hf + (100=y) h

‘ 100 100 &
=h - _vy N .

Similarly to find the speéific.volume,

‘Specific volume of wet steam = vp +_x_ (v -v,)ft3/Ib. ... (%)

100
=V -y -V )EE3/1b. .. (5)
g s (Vv (5)
where Ve = specific volume of saturated water
vg = specific volume of saturated steam

1.6 Sample Problem No. 4

Steam having a temperature of 4OO°F is wet and has a
quality of 8G per cent. Determine its enthalpy and specific
volune,

From Table 1 at 4OO°F, h = 375.0 BTU/1b,
hf _ 826.2 BTU/1b., Ve = O.01864‘ft3/1b, vg = 1.8632 ft3/1b‘
g A
Enthalpy of wet steam h = he +_x he = 375.0 + 80 826.2
: 100 g 100
1.036.0 BEU/1b.




 This
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Specific volume of wet steam v = v, + _x_ (v. - v.)
_ , f 106 g T

= 0.0186 + i@g (1.8632 - 0.01864) = 1.4936 £t3/1b.
00 B

can also be solved by using the moisture, y = 100 - x
= 100 - 80 = 20%
Sample Problem No. §

Steam exhausted from a condensing turbine is wet and
has 5% moisture. If temperature in the condenser is 80°F,
determine the following:

(a) Enthalpy of the steam
(b) Pressure in the condenser

h=h-y h., = 1095.8 - _5 _ T
&€T00 g - o5 X 1o47.8 = 1043.lt BTU/1b.

_ For saturated water and steam, pressure corresponding
to 80°F is 0.5067 psi (Table 1), or approx. 1.0" Hg, abs.

¥

Dengity and Specific Volune

The specific volume pf steam is often used in calcula-
tions relating to the density of steam, that is, the weight
(w), in pounds, of a cubic foot of steam. The density is
reciprocal of the specific volume at the same pressure, that

w =1
v

In other words, the product of w and v is always 1. ‘
The value of w increases as the pressure increases, which is-
natural eneugh, as the steam becomes denser under increased
pressure.

Sample Problem No. 6

Determine the pressure and density of dry saturated
steam at 70°F,

From Table 1 at 70°F, p = 0.3628 psia,

v = 868.9 £t3/1b.

g
w=1=_1 _ =0.0011 1b/ft3.

v 868.9
D. Dueck
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STEAM TABLES
t Kzampls:
Absoluia Pressurs = nlmmf\lnrio pressure ~ vaouu _ Baromoter rends 80,17 inches at 70°F, Vscuum cdolump rends
Burometer and vacutm columns may be sorrected to meroury  38.28 inches at 80°F. Abe. press. = (30.17 ~ 000000 X 38

¢
st 32°F. by subtracting, 0.00009 X (¢ — 32) X ocolumn height, X 30.17) — (28 26 — 0.00000 X 48 ¥ 28.26) - 1.03 ihrbe- of

where { is the column temperature in °F. maersury at 32°F,
1 inch of mercury st 32°F. « 0.4912 1b./aq. in, Baturation tempersture (from table) « 10G°F,
Table 1. Saturated Stesm: Temperature Table
ABBOLUTE PrESsurE 8rmcrric Voruus ExTRALPY - Exrrory
Temp. Lb. per In. Hg. Sat Sat, Bat. X Bat. Sat. Sat. Temp.
¥ahr, S8q.In. 32 F, Liqmd Evap. Vapor Liquid Evap. Vapor Liquid Evap. Vapor Fahr.
t P vi Yig Vg bt by .1 o8 Mg 8¢ i
2 0.0886 0.1808 0.01602 3305.7 3305.7 0 1075.1  1073.1 0 2.1885 2.1865 33
s 0.0961 0.1957 0.01802 3060.4 3060.4 2,01 1074.0 1078.0 0.0041 2.1755. 2.1796 34
36 0.1041 0.2120 0.01802 2836.6 2836.6 403 1072.9 1078.9 0.0082 2.1645 2.1727 36
38 0.1126 0.2292 0.01802 26322 2632.2 6.04 1071.7 1077.7 0.0122 2.1533 2.1655 1]
&® 0.1217 0.2478 0.01602 2445.1 2445.1 8.05 1070.5 1078.8 0.0162 2.1423 2,1585 40
42 0.1316 0.2677 0.018602 22718 22718 10.06  1069.3 1079.4 0.0203 2.1314 2.1517 43
44 0.1420 0.2891 0.01802 2112.2 2112.2 12.06 1068.2 1080.3 0.0242 2.1207 2.1449 “
48 0.1532 0.3119 0.01802 19655 1065.5 14.07 1067.1 1081.2 0.0282 2.1102 2.1384 16
48 0.1652 0.3384 0.01602 1829.9 1829.9 16.07 1065.8 1082.0 0.0322 2.0995 3.1317 . 48
0 0.1780 0.3824 0.01802 1704.9 1704.9 18.07 1064.8 1082.9 0.0361 2,0891 2,1252 $0
(3] 0.1918 0.3905 0.01603 1588.4 1588.4 20.07 1063.6 1083.7 0.0400 3.0788 2.1186 [ 3]
&4 0.2063 0.4200 0.01603 14824 1483.4 22.07 10625 1084.6 0.0439 32.0684 2.1123 34
[ 1 0.2219 0.4518 0.01603 1383.5 1383.5 24.07 1061.4 1085.5 00478 2,0882 2,1060 86
58 0.288.4 0.4854 0.01603 1293.7 1292.7 20,07 1060.2 1086.3 0.0517 2.0479 2.0896 &8
€0 0.2561 0.5214 0.01603 1208.1 1208.1 28,07 1059.1 1087.2 -0.0555 2.0379 2.0934 L1y
(3] 0.2749  0.5597 0.01604 1120.7 1120.7 30.06 1057.9 1088.0 0.0504 12,0278 2.0872 L]
" 0.2049 0.6004 0.01604 1057.1 1067.1 32.06 1056.8 1088.9 0.0632 12,0180 12.0812 04
(14 0.3162 0.6438 0.01604 289.6 980.6 34.06 1055.7 1089.8 0.0670 2,0082 2.0752 [ 1]
68 0.3388 0.6898 0.01605 927.0 927.0 36.05 1054.5 1090.6 0.0708 1.0083 32.0891 1]
Yo 0.3628 - 0.7387 0.01805 888.9 888.9 38.056 1053.4 1091.5 0.0745 1.9887 2.0633 T0
bt 0.3883 0.7906 0.01606 814.9 814.9 40.04 10523 10923 0.0783 1.9792 2.,0575 TS
T4 0.4153 0.8456 0.01608 764.7 764.7 42.04 1051.2 1093.3 0.0820 1.0887 2.0517 T4
T4 0.4440 0.0040 0.01607 718.0 718.0 44.03 1050.1 1094.1 0.0858 1.9603 2.0461 76
79 04744 0.9859 0.01607 874.4 674.4 46.03 10489 10949 10.0808 OSNR 20403 T8
. 0.5007 1.033 0.01607 633.7 633.7 48.02 10478 1006.8 0.0932 1.9418 2,0347 80
-] 0.5409 1,101 0.01608 505.8 505.8 5002 1046.6 1006.6 0.0969 1.9331 2.0290 L 3]
84 0.5772 1,178 0,01608 560.4 580.4 53.01 1045.5 1097.5 0.1008 1.9230 2.0236 [ 2]
(24 0.6153 1.263 0.01809 527.8 527.6 54.01 1044.4 1098.4 0.1042 1.9139 2.Mm81 £ 11
] 0.8555  1.335 0.01609 497.0 4870 58.00 1043.3 10§9.2 0.1079  1.9047 2.0126 8s
| 1] 0.6980 1.421 0.01610 468.4 468.4 38,00 1043.1 1100.1 0.1116 1,8038 2.0073 0
2] 0.7429 1.513 0.01611 4417 41.7 59.00 1040.90 1100,9 0.1151 11,8887 2.0018 ” .
"’ 0.7902 1.609 0.01611 416.7 416.7 6108 1039.8 1101.8 0.1187 1.8779 1.9968 1 23
” 0.8403 1.711 0.01612 308.2 308.2 63.98 1038.7 1102.7 0.1223 1.8692 1.9915 1 11
*” 0.8930 1.818 0.01613 3713 371.3 65,98 1037.5 1103.5 0.125¢ 1.8604 1.9863 "
100 0.9487 1,932 0.01613 850.8 850.3 87.97 10364 11044 0.1285 1.8517 1.9812 100
108 1.0072 2.051 0.01614 331.5 331.5 69.08 1035.2 1105.2 0.1330 1.8430 1.9760 103
104 1.0680 2.176 0.01614 313.5 813.5 71.906 10341 1108.1 0.1366 1.8345 1.9711 104
106 1,1338 2.308 0.01815 296.5 2068.5 7395 1033.0 1107.0 - 0.1401 1.8261 1.9662 108
108 1,2020 2447 0.01616 280.7 280.7 75.94 10320 1107.9 0.1436 1.8179 1.9615 108
116 1.274 2.594 0.01617 265.7 268.7 77.94 1030.¢ 1108.8 0.1471  1.8098 1.9567 110
11 1.380 2.749 0.01617 251.6 251.6 79.93 1020.7 1109.6 0.1506. 1.8012 1.9518 113
114 1.429 2.90¢0 0.01618 238.5 238.5 81.93 102886 1110.5 0.1541  1.7930 1.9471 114
118 . 1.512 3.078 0.01619 226.2 226.2 83.92 10275 11114 0.1576 1.7848 1.9424 11¢
118 1,600 3.268 0.01620 214.5 214.5 85.92 10284 11123 0.1610 1.7767 1.9377 118
130 1.802 3.445 0.01620 203.45 203.47 87.81 1025.8 1113.2 0.1645 1.7687 1.0332 120
122 1.788 8.640 0.01621 193.16 103.18 89.91 1024.1 1114.0 0.1679 1.7606 1.9285 1328
14 1.889 3.840 0.01622 183.44 183.46 91.00 1023.0 1114.9 "0.1714 17526 1.9240 134
136 1,895 4.002 0.01623 174.26 174.28 93.90 1021.8 1115.7 0.1748 1.7448 1.0104 126
13 2,108 4.286 0.01824 165.70 165.72 95.90 1020.7 1116.8 0.1782 1.7368 1.ulfw 128
130 2.221 4.522 0.01628 167.55 157.57 97.8¢ 10106 1117.4 0.1816 1.72%0 1.41y5 130
13 2.343 4.770 0.01626 149.83 149.85 90.80 1018.3 1118.2 0.18490 1.7210 1.9059 133
124 2,470 5.020 0.01626 1432.59 142.61 101.89 1017.2 1119.1 0.1883 1.7134 1.9017 134
136 2.608 5.300 0.01627 135,78 13575 108.88 1018.0 1119.9 0.1917 17056 1.8073 138
138 2,742 5.683 0.01628 120,26 129.28 106.88 10148 1120.8 0.1950 1.6580 1.8930 138
140 2.887 5.878 0.01620 123.16 123.18 107.88 1013.7 1121.8 01084 1.6904 1.5588 140
142 3.030 6.187 0.01630 117.37 117.3¢9 100.88 1012.5 1122.4 0.2017  1.6828 1.8845 143
i 3.198 6.511 0.01631 111.88 - 111.9¢ 111.88 10113 1123.2 0.2030 1.8752 1.8802 144
146 3.363 6.847 0.01632 106.72 108.74 113.88 1010.2 1124.1 0.2083 1.6678 {.K761 146
148 3.588 7.109 0.01633 101.82 101.84 115,87 1009.0 11249 2116 1.6604 1.8720 144

e o
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TaoLe 1. SarurarEp Srmam: TumperaTOR: TaBL®—Conlinued
| Aysouvra Pncmwors  Brecinic Vorou Bag, T gy, Bat, T Sal Temp.
Temp. Lb.lpar lh. Hg. Bat. Bat. Li. 4 E vont. Liquid Evap. ' Vapor Faby
Fahr, 8q.In. 32F. Ligquid Evap. Vapor qui YAD. » °
v, hy ht b 8 My B¢
t p vy Tig s € € R .
50
7 X 97.18  97.20 117.87 1007.8 11257 0.2149 1.6530 1.8679 1
;:: ga'xl)g ;’gig 3 gigg; 9;.79 92.81 119.87 10067 1126.8 0.2181 1.6458 1.8639 183
184 £100 8348 0.01636  88.62  88.64 121.87 1008.5 1127.4 0.2214 1.6384 1.8508 184
158 4305  8.765 0.01637  B4.66  84.68 123.87 10044 1128.3 0.2247 1.8313 1.850020 i: i
158 4518 9,199 0.01638  80.90  80.92 12587 1003.2 1129.1 0.2279 1.6241 1.85
; ) 77.37 7139 127.87  1002.0 1129.9 0.2811 16160 1.8480 180
i:: :'Zgg ?byg g,gigig 74.00  74.02 120.88 1000.8 1130.7 0.2343  1.6008 1.8441 163
164 5210  10.81 0.01842 7079  70.81 131.88 9997 11316 0.2376 1.6039 1.8405 184
166 5480 1113 0.01643  67.76  67.78 185,88 998.5 11324 0.2408 1.5058 }ggg i:
168 5720  11.85 0.0164¢ 64,87  64.80 135.88  097.3 1133.2 0.2439 1.5888 1.
X 62.12 62,14 137.89  906.1 1134.0. 0.2471 1.5819 1.8200 170
i Py 001048 sos0  So.ca 139.89 9950 1134.0 0.2503 1.5751 1.8254 173
174 8.565  13.37 0.01647-  57.01  57.08 141.09  993.8 11357 0.2635 1.5683 1.8218 114
17 6.860  13.90 0.01648  54.64 54,08 143.00  992.6 1136.5 02668 1.5615 1.8181 g:
irs 7.184  14.68 0.01850  52.39  53.41 14690 9914 1137.3 02508  1.5547 1.8145
: 180
. 0.01651 50.26  50.38 14791 990.2 11381 0.2620 1.5479 1.8108
m ;'gig ig;g 0.01652 4833 4834 149.03  980.0 11389 0.2061 1.5413 1.8073 18
1 8201 16.70 0.01653 46,38 46.30 151.93  987.8 118307 02092 1.5346 1.8038 184
188 8.566  17.44 0.01654 4443 4443 15598 9868 1140.5 0.2728 1.5280 1.8003 g:
188 8.944 1821 0.01658  42.67 42.69 155.04 0853 11413 0.3754 15213 1.7907
X 0.01657 40.99  41.01 157.95 9841 11421 0.2785 1.5147 17932 190
:: g?ﬁ ig.gi 0.01658 3038 39.40 150.95 9638 1143.8 0.2818 1.5081 1.7897 19
1M 10,168  20.70 0.01659. 37.84 387.86 18196 9815 11435 0.2847 1.5015 1,7862 M
196 10,605  21.59 0.01661 36.38  36.40 163.97 9808 11443 03877 1.4051 17828  1s4
18 11,057  22.51 0.01662 3498  35.00 166.98  979.0 11450 0.2908 1.4885 1,7793 198
g .01 85  33.67 167.99 9778 11458 0.2938 1.4822 11,7760 100
;: i;'g?g ﬁ :g 3.&% 3.37 33.99 170.01  978.6 1148.6 0.2969 14759 1.7728 08
"y 19,518 2547 0.01666 3115  81.17 173.02 9788 1147.3 0.2090 1.4695 1.7694 204
206 13,031 _ 36.53 0.01667  20.99  80.01 17408 9741 11481 0.3020 1.4638 1,7862 208
206 13.568  X7.62 001660 28.88  38.00 176.06¢  973.8° 1148.8 0.8050 1.4570 17620 208
110 14123 78 00670 2781 - 27.8% 17808 9715 11408 0.3000 . 14507 1.7597 s1e
213 14.696 3993 0.01672 26.81 3883 180.07 9703  1150.4 0.3130 1.4446 1.75668 {31
a1 15,591 0.01874 3535 2587 183.10  968.8 11514 0.3185 1.4352 17517 118
280 17.188 - 0.01677 33.14 323.18 188.14 9653 11538 03239 14201 1.7440 190
215 18.915 001881 321,15 2117 198.18 9818 1155.1 0.3313 14049 1.7362 T
230 20.78 0.01684 19.371 19.388 19892 9587 1136.9 0.3386 1.8900 1.7286 150
235 22,80 0.01688 17.761 17.778 20838 0553 1158.6 0.3459 1.3751 1.7210 135
0 24.97 0.01693 16.307 16.324 208.34 9521 1160.4 0.3531 1.3607 1.7138 24
0" 27.31 0.01698 15.010 18.087 31341 9487 1182.1 0.3604 1.3462 1.7066 28
250 29.83 - 0,01700 18.82¢ 13.841 21848 9453 1163.8 0.3675 1.3330 1.6995 150
255 32.53 0.01704 13.785 13.753 223.56 9420 1185.6 03747 13181 1.6928 156
280 35.43 0.01708 11754 11771 228.65 0386 1167.3 0.3817 13042 1.6859 200
263 38.54 0.01718 10.861 10.878 283.74 0353 1169.0 0.3888 1.2006 1.6794 168
170 41.85 0.01717 10,063 10.070 238.84 9318 1170.8 0.3958 1.2770 1.6728 179
”E 45.40 0.01721 0313 0.330 2343.04 9283 117321 0.4027 1.2634 1.6661 278
200 49.20 0.01726 8.834 8651 349.08 9248 11787 04006 1.2500 1.8596 280
388 53.25 0.01731 8,016 8.083 254.18  931.0 11753 0.4185 1.2368 1.8533 285
290 57.56 0.01735 7.448 7.485 35031 917.4 11767 0.4284 1.2237 1.8471 190
298 832.18 0.01740 6.931 6.948 26445 0187 11783 04303 1.2107 1.6409 295
300 67.01 001745 64854 8471 260.60  910.1 1179.7 0.4370 11980 1.8350 300
208 72.18 0.01750  6.014 6.083 27476 9063 1181.1 0.4437 1.1852 1.6280 308
310 77.68 0.01758  5.610  5.838 279.02  903.6 1183.5 0.4505 1.1727 1.6283 310
318 83,50 0.01760 5320 . 5357 285.10 89088 1183.9 0.4571 1.1587 1.6158 318
130 80.65 0.01765  4.887  4.015 2900.29 8050 11853 04637 1.1479 1.6116 3%0
586 96.16 001771  4.583  4.801 20549 8911 11868 0.4703 1,1358 1.6059 2%
330 103.08 0.01776  4.292  4.310 300.69 887.1 1187.8 04769 1.1234 1.6003 330
338 110.31 001782  4.031  4.030 30591  8$83.2 1180.1 0.4835 1.1114 1.50490 335
340 117.99 0.01788 3771  3.7%9 311.14  879.2 11003 04900 1,0994 1.5804 340
s 136.10 0.01793  3.538  3.557 31638 8751 11916 0.4066 10875 1.5841 se8
350 184.63 0.01799 3.39¢ 3.343 32164 8710 1192.6 0.5030 1.0757 1.5787 350
358 143.58 0.01805 3,126  3.144 326.01 8668 11937 0.5004 1.0640 1.5734 358
360 153,01 001811  2.940 2.058 332.19 B35 11047 0.5159 1.0522 1.5681 200
ses 162,93 0.01817 2768  2.786 337.48 85832 11057 0.5233 1.0408 1.5620 s
870 173.33 0.01823  2.607  2.625 34279  853.8 1106.6 0.5286 1.0291 1.5577 210
378 184,28 0.01830 2458  3.476 348.11 8494 1197.5 0.5350 1.0176 1.5526 378
380 196.70 0.01836 2.318  2.836 35345 8449 11984 0.5413  1.0062 1.5475 380
386 207.71 0.01843 32,180  %.207 358.80  B40.4 - 1199.2 0.5476 0.9949 1.5425 313 v




TasLi 1. Barurateo Breiu: Tesrsmarone Tinnw--Concluded

- + [, ——— ——— -
. Brmoiric VoLvue Ertmarrr EntroPY

’X{Iemp. Abe. Precs. at, at, Bat. . Bat. Bat. Temp
¥alhr, Lb./Bq. In. Liquid Evap. Vapor Liquid Ewvep. Vapor Liquid Evap. Vapor Fah-

t p \G g 5 LY} hyg he » se 8¢ t

90 220,29 0.018580 2.064 2.083 364.17 $35.7 11999 0.5640 0.9835 1.8375 e
L 283.47 0.01857 19512 1.9608 360,58 8310 1200.8 0.5602 0.9723 1.5325 398
450 M47.28 0.01864 1.3446 1.8632 374.97 826.2 1201.2 0.5664 0.9610 1.5274 400
405 261.67 0.01871 17445 1.7632 380.40 8314 12018 0.5727 0.5499 1.5226 408
413 276.72 0.01878 18508 1.6096 $85.83 8186 1202.4 0.5789 0.8390 1.5178 410
413 2032.44 0.01888 1.5630 1.3819 801.20 8117 1203.0 0.5851 0.9380 11,5131 418
(!J'O 308.83 0.01894 14806 1.4998 300.78 808.7 1203.5 0.5912 0.9170 11,5082 49¢
425 325.91 0.01902 11,4031 1.4221 402.28 801.6 - 1203.9 0.5974 0.9061 1.5035 435
450 343.7M1 0.01910 1.3303 1.3404 £07.80 796.5 12043 0.8036 0.8953 1.498¢ 436
445 362.27 0,01918 1.2817 1.2809 413.35 791.3 1304.6 0.6097 0.8843 1.4040 48
440 381.59 0.01928 1.1978 1.1168 418,91 785.9 12048 0.6159 0.8735 1.4804 448
445 401,70 0.01934 1,1367 11,1360 424,49 7804 12049 0.6220 0.8626 1.4846 445
480 422.61 0.01943 1.0706 - 1.0060 430.11 7749 12050 0.6281 0.8518 1.4799 480
(L1 444.35 0.0195 1,0256 1.0451 435.74 768.3 1205.0 0.8342 0.8410 14752 488
460 466.97 0.0196 0.0745 0.90941 441,43 7638 1208.0 0.6408 0.8303 1.4706 488
448 400.43 0.0197 0.0262 0.9450 447,10 757.8 12049 0.6483 0.8195 1.4658 448
4Y0 514.70 0.0198 0.8808 0.9008 452,84 7819 12047 0.6524 0.8088 1.4612 478
478 539.90 0.0199 0.3379 0.8578 458.50 745.9 - 1204.8 0.6585 0.7980 1.4565 478
406 586.12 0.0200 0.7973 0.8173 464.37 739.8 1204.2 0.6648 0.7873 1.4510 480
488 593.28 0.0201 0.7585 0.7788 470.18 733.6 1203.8 0.8708 0.7768 1.4472 438
490 621.44 0.0202 0.7219 0.74321 476.01 727.3 12033 0.6767 0.7658 1.4425 [3
488 650.59 0.0203 0.6872 0.7075 481.90 730.8 1203.7 0.6827 0.7550 1.4377 (1]
500 680.80 0.0204 0.6544 0.6748 487.80 7142 120320 0.0888 0.7442 1.4330 809
506 712,19 0.0206 0.6230 0.6430 403.8 T707.56 12013 0.6949 0.7334 11,4283 sos
810 744.55 0.0207 0.5932 0.613¢ 499.8 700.6 1200.4 0.7009 0.7225 1.4234 &0
[ 3% 4 777.96 0.0208 0.5651 0.5859 508.8 693.6 11904 0.7070 0.7116 1.41868 518
540 812.08 0.0200 0.5382 0.5501 811.9 688.5 1108.4 0.7132 0.,7007 1.4139 530
[$1] 848.37 0.0210 0.5128 0.5338 6180 679.2 11972 0.7192 0.6898 1.4090 s
830 886.20 0.0212 0.4885 0.5097 524.3 6719 11s6.1 0.7253 0.6788 1.4042 30
(23] 923.45 0.0213 04654 0.4867 8304 0844 11948 0.7314 0.6879 11,3903 35
540 962.80 - 0.0214  0.4483 0.4047 836.8 656.7 1193.2 0.7375 0.6569 1.3044 540
345 1003.6 0.0216 0.4222 0.4438 5429 6480 1191.8 0.7436 0.6459 1.3805 [ ]
580 1045.8 0.0218 0.4021 0.4239 540.2 6409 1190.3 0.7408 0.8347 13845 [ 1]
88f - 1088.8 0.0219 0.3830 0.404¢ 888.7 632.6 1188.3 0.7559 0.6234 1.8793 868
850 1133.4 0.0321 0.3648 0.3889 582.2 6241 1188.3 0.7622 0.6120 1.3742 549
[ 1Y 1179.3 0.0222 03472 0.3604 588.8 6154 11843 0.7684 0.6006 1.3690 [
70 1226.7 0.0224 0.3304 0,358 575.4 806.5 11819 0.7787 0.5800 1.3827 [ 34 ]
(311 1275.7 0.0228 0.3143 0.3369 583.1 5974 117908 0.7810 0.5774 1.3584 87
580 1326.1. 0.0228 0.20890 0.3217 538.9 588.1 1177.0 0.7872 0.5658 - 1.3528 §80
888 1378.1 0.0230 0.2840 0.3070 596.7 578.8 11743 0.7938 0.5538 1.3474 111
%0 1431.8 0.0232 0.2699 0.2931 602.8 5688 11714 0.8000 0.5419 1.3419 0
[ 3 ] 1488.5 -0.0234 0.2563 0.2797 009.7 558,7 1168.4 0.8065 0.5207 1.3362 ({11
200 1543.2 0.0236 0.2432 0.20688 816.8 548.4 1185.2 0.8130 0.5175 1.3305 600
85 1601.5 0.0239 0.2308 0.2545 834.1 537.7 11618 0.8196 0.5050 1.3248 (]
410 1661.6 0.0241 0.2185 0.2420 831.5 826,68 1158.1 0.8283 0.4923 1.3188 610
<15 1723.4 . 0.0244 0,2068 0,2313 638.9 5153 1154.2 0.8330 04795 1.3125 €18
(3] 1787.0 0.0247 0.1955 0.2202 846.5 503.7 115032 0.8398 04665 1.3063 %0
(1] 1852.4 00250 0.1845 0.2095 854.3 401.5 11458 0.8467 0.4531 1.2008 35
<58 1919.8 0.0258 0.1740 0.1993 662.2 478.8 11410 0.8637 0.4384¢ 1.262 £30
435 1989.0 0.0258 0.1838 0.1894 870.4 465.5 11350 0.8800 0.4252 1.2861 e3¥
840 2060.3 0.0260 0.1539 0.1799 678.7 452.0 1130.7 0.8681 0.4110 1.2791 €40
43 2133.56 0.0264 0.1441 0.1705 687.3. 437.6 11249 0.8756 0.3961 1.2717 648
50 2208.8 0.0388 0.1348 0.1818 808.0 4227 11187 0.8832 0.3809 1.2641 680
455 2288.4 0,0278 0.1256 0.1529 705.2 407.0 112,2 0.8910 0.3851 1.2561 [4.11
(124 2366.2 0.0278 0.1187 0.1445 7144 390.5 1104.9 0.8991 0.3488 1.2479 (1.0
[ {1] 2448.0 0.0283 0.1079 0.1382 724.5 372.1 1096.8 0.8074 0.3308 1.2382 885
C!O 2532.4 0.0290 0.0001 0.1281 734.8 353.3 1087.9 0.9161 0.3127 1.2288 670
(341 2619.2 0.0297 0.0904 0.1201 T45.6 332.8 1078.3 0.9253 0.2933 1.2188 876
880 2708.4 0.0305 0.0810 0.1115 757.2 310.0 1067.2 0.8352 0.2720 1.2072 680
483 2800.4 00318 00716 0.1032 770.1 284.5 1054.6 0.9458 0.2485 1.1944 685
390 2895.0 0.0328 0.0817 0.0945 784.2 254.9 1038.1 0.9579 0.2217 1.1766 690
(311 2092.7 0.0345 00511 0.0858 801.3 219.1  1020.4 0.9720 0.1897 1.1817 835
100 3094.1 0.0369 0.0388 0.0758 823.9 17T 995.6 0.0904 0.1481 1.1385 T00
708 31990.1 0.0440 0,0157. - 0,0597 870.2 7.8 947.8 1.0305 0.0661 1.0966 708
T08.34% 3206.2 0.0541 0 0.0541 910.3 4] 910.3 1.0645 0 1.0645 708 34

-8 -

* Critical temperature
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Table 2. Saturated Steam: Prossure Table

Sreciric YorLuus g EXTRALFY . Bat ExtRory Bat Abs. Prees
Aba. Proee. Teamp: Bat, at, st at. Bat, at. ba. Press.
Lb./8q. In. Fahr, Liquid Ewap. Vapor Liquid Evap. Vapor Liquid Evap. Vapor Lb./8q. It
p t vt ¥ig Yo by hyy b ~ My o D
0.083¢ 32.00 0.01602 3305.7 3305.7 0 1075.1  1075.1 0 2.18685 2.1865 ¢.0838
0.126 40.60 0.01602 2383.7 2383.7 8.74 1070.2 1078.9 0.0176 2.1388 2.1584 0.1%8
0.280 59.31 0.01603 1235.8 1235.8 27.38 10505 1088.9 0.0642 2.0414 2.0058 0.%60
0.500 79.58 0.01607 641,71 641,73 47.60 1048.0 1095.8 0.0024 1.9434 2.0358 $.808
1 101.78 0.01614 333.77 333.7¢ 69.72 10355 11052 0.1326 1.8443 1.9769 X
3 162.25 0.01641 73.584 73.600 130.13 1000.7 1130.8 0.2347 1.8090 1.8487 [
1e 183.21 0.01659 445 38.462 161.17 982,1 11433 0.2834 1.5042 1.7878 10
14.098 212.00 0.01672 26.811 26,828 180.07 970.3 1150.4 0.3120 1.4446 1.7566 14.608
13 213.03 0.01672 26.303 26.320 181.11  969.8 1150.7 0.3135 1.4413 1.7548 15
20 227.96 0.01683 20.003 20.110 196.16 9509 1156.1 0.3356 1.3950 1.7315 20
30 250.34 0.01700 13.746 13,763 218.83 045.2 1164.0 0.3680 1.3312 1.6902 20
40 267.24 0.01715 10.480 10. 236.023 933.7 1169.7 0.3019 1.2844 1.6763 40
80 281.01 0.01727 8.505 8.522 250.09 923.9 1174.0 0.4110 1.2473 1.8583 50
0 292.71 0.01738 7.162 7.179 262.10 915.4 11778 0.4271 1.2188 1.6437 [ 2]
T0 302.92 0.01748 6.193 8.210 272.61 907.9 1180.5 4408 1.1005 1.6314 10
80 312.03 0.01757 5.458 5.478 282.02 901.1 1183.1 0.4532 1.1677 1.6209 80
90 320.27 0.01766 4.880 4.808 290.57 864.8 1185.4 0.4841 1.1472 1.6113 L]
- 100 327.83 0.01774 4.415 4,433 298.43 888,98 1187.3 0.4741 1,1287 1.6028 106
110 334.79 0.01782  4.032 4,050 305.69 883.3 1180.0 0.4832 11,1118 1.5950 118
120 341.26 0.0178¢ 3.710  3.728 312,486 8781 11908 0.4818 10963 1.5879 120
180 347.31 0.01796 3.437 3.455 318.81 873.2 1192.0 0.49956 1.0820 1.5815 130
14 353.03 0.01803 3.202 3.220 324.83 868.,5 1103.3 0.5069 1.0888 1.575% 160
150 358.43 0.0180¢ 2.998 3.018 330.53 863.9 1194.4 0.5138 1.0580 1.5698 180
is0 363.55 0.01815 2.818 2.834 335.95 859.6 1195.5 0.5204 '1.0442 1.5846 160
170 368.42 0.01821 2.666  2.674 34111 8552 11983 0.5266 1.0327 1.5593 179
180 373.08 0.01827 2.514 2,532 346.07 851.1 1187.2 0.5325 1.0220 1.5548 108
180 377.58 0.01833 2.388 3.404 350.83 847.32 1198.0 0.5382 1.0119 11,5801 189
- 0 381.82 0.01839 2.270 2.288 355.40 843.3 1198.7 0.5436  1.0021 1.5487 200
310 385.83 0.01844 2.165  2.183 359.80 830.6 11994 0.5488 0.9920 1.5417 219
220 389.89 0.01880 2.067 2,086 364.05 8358 1199.9 0.5538 0.9838 1.5376
230 393.70 0.01855 1.9803 1.9989 368.16 8322 12004 0.56685 09752 1.5337 15
240 397.40 0.01860 1.8090  1.0178 373.16  B28.7 12009 0.5632 0.9669 1.5301 2
£8G 400.97 0.01866 1.8244 1.8481 376.04 825.4 1201.4 0.6677 0.9590 1.5267 250
280 404.43 0.01870 1.7555 1.7742 379.78 822.0 12018 0.5720 0.8513 1.6233 268
270 407.79 0.01875 11,6013 1.7101 383.43 818.8 1202.2 0.5761 0.9439 11,5200 510
280 4i11.08 0.01880 1.8318 1.6504 , 386.99 815.5 1202.5 0.6802 0.9365 1.51687 %80
280 414,24 0.01885 1.6758 1.5047 390.47 812.4 12029 0.5841 0.9296 1.5137 190
- 00 417.38 0.01800 1.5237 - 1.5426 303.85 809.3 1203.2 0.6879 0.9238 1.5107 300
359 431,71 0.01912 1.3064 1.3255 409.70 794.7 1304.4 C.M087 0.9915 1.4673 386
00 444.58 0.0193 1.1418 11,1609 434,02 780.9 1304.0 0.6215 0.8635 1,4880 400
450 56.37 0.01956 1.01323 1.0318 437.18  767.8 12060 0.6357 0.8382 1.4739 459
—- 500 467, 0.0197 0.9077 0.0374 449. 755.5 13049 0.6488 0.8133 1.4841 00
580 476.04 0.0190 0.8217 0.8416 460,83 743.6 13044 0.66090 0.7939 1.4548 [ 201
- 800 488.31 0.0201 0.7494 0.7698 471.50 7330 1203.6 0.6721 0.7789 1.4460 [ e d
[ ] 404.90 0.0203 0.6879 0.7083 481.73 731.0 12032.7 6826 0.75583 1.4379 e
700 503.09 0.0205 0.6347 0.6552 491.49 710,1 13018 0.6025 0.7376 1.4301 100
780 310.8% 0.0207 0.5884 0.6091 500.8 .4 12003 0.7019 0.72068 1.4235 154
- 200 518.20 0. 0.5478 0.5085 T 689.1 1108.8 0.7108 0.7047 1.4155 308
as0 525.23 0.0210 0.5116 0.5328 518.8 878.9 . 1197.3 0.7194 (.6898 14087 3354
- 900 531.04 0.0212 0.4794 0.5008 526.6 669.0 1105.8 0.7276 0.6748 1.4022 908
"o 538.38 0.0214 0.4503 0.4717 534.6 6503 11038 0.7355 0.6605 1.3960 (12]
- 1000 B44. 0.02168 04240 0.4456 542.4 640.8 11010 0.7431 0.6468 11,3809 1000
1080 550.52 0.0218 0.4001 0.4319 550.0 640.0 1100.0 0.7504 0.6335 1.3838 1080
1100 556.26 0.0219 0.3783 0.4002 857.4 630.4 1187.8 0.7576 0.6205 1.3780 1100
1150 561.81 0.0221 0.3583 0.3804 564.6 621.0 11856 0.7644 0.607% 1.3723 1150
1800 587.19 0.02 0.3397 0.3620 571.7 611.6 1183.3 0.7712 0.5085 1.8667 1300
1880 5732.89 0.02: 0.3228 0.34538 578.6 803.3 1180.8 0.7777 0.5835 1.361% 1284
1900 87748 0.0227 0.3067 0.3294 585.4 592.9 11783 0.7840 0.5717 11,3587 1300
1360 583.82 0.0229 0.2018 03147 592.1 583.7 11758 0.7902 0.5802 1.3504 1350
1400 587.07 0.0231 0.2780 0.3011 598.6 574.6 1178.3 0.7063 0.5480 1.8452 1400
1480 591.70 0.023% 0.2652 0.2885 605.0 5655 1170.8 0.8022 0.537¢ 1.3401 1480
1500 596.20 0.0235 0.2530 0.2785 611,4 556.3 11877 0.8081 0.5260 1.3350 1806
1850 600.59 0.0287 0.2418 0.2653 617.7 547.1 11648 0.8188 0.5160 1.3208 1580
1600 804.87 0.0238  0.2300 0.2548 623.9 588.0 1161.9 0.8195 0.5054 1.3249 1600
1880 609.06 0.024)  0.2207 0.2448 630.0 528.8 1158.8 0.8250 0.4948 1.3108 1850
1700 813.12 0.0243 0.2111 0.2354 636.1 519.6 1185.7 0.8304 0.4843 1.3147 1700
1780 617.11 0.0245 0.2020 = 0.2285 642.1 510.4 1152.8 0.8359 0.4740 1.3099 1760
1868 621.00 0.0247 0,1933 0.2180 648.0 501.3 1140.3 0.8412 0.4839 1.3051 1800
1880 68324.82 0.0349 0.1850 0.2099 853.9 4020 1145.9 0.8465 0.4587 1.3002 is8¢
1900 628.55 0.0283 0.1770 0.2032 459.0 5 11424 0.8517 0.4434 1.2051 1900
1860 633. 0.0254 0.1695 0.1040 065.8 473.0 1138.8 0.8569 0.4332 1. 1980
2000 635,78 0.0257 0.1822 0.1879 671.7 483.5 1135.2 0.8620 0.4231 1.2851 2000
2100 643,73 0.0262 0.1486 0.1748 683.4 4442 11276 0.8722 0.4028 1.2751 3100
1300 9, 0.0267 0.1359 0.1636 695.0 4244 1119.4 0.8823 0.38286 1.2649 2220
2300 655.87 00274 0.1240 0.1514 700.7 404.8 11110 0.8023 0.3624 1.2547 8300
2480 661.00 0,0280 0.1180 0.1410 Ti8.5 882.8 11014 0.6025 0.3413 1.2438 2400
2530 668.10 0.0287 0.1028 0.1313 730.7 360.3 10910 0.8127 0.3195 1.2322 b o]
£600 673.91 0.0295 0.0934 0.121¢ 748.1 337.0 1080.1 0.9232 0.2073 1.2205 p
Y00 6790.54 0.0305 0.0818 0.1128 756.1 313.2 10683 0.9342 0.2740 1.2082 2703
200 684,08 0.0818 0.0716 0.1032 770.0 2846 10b64.6 0.9458 (.2486 1.1044 280C
2000 600,26 0.0320 0.0612 0.0041 785.2 252.9 1038.1 0.9588 0.2199 1.1785 2900
2000 808,37 0.0346 0.0503 0.0849 803.6 216.7 1019.3 0.9731 0.1876 1.1607 3080
3100 700,29 0.0872 0.0380 0.0752 834.6 1690.4 994.0 0.9916 0.1480 11,1378 3100
3200 705.04 0.0443 0.0153 0.0500 871.3 753  946.8 1.0311 0.0647 1.0958 . 3300
3306.3* 705.34 0.0541 4 0.0541 910.3 0 910.3 1.0645 0 1.0845 3386 3

# Critioal pressure



Table 3. Superheated Steam
b, Prosm. —
1Lb./8Bq. In Sat. 8at. TrurtRATORR--Drorxxs FARRENEXIT .

[8at. Temp.) Water Steam 200° 3506° 300° $80° 400°  4B0° BOO°  606° TOO°  B800°  $00° 1000° 1100° 1300°
98.24 148 24 108.24 248.24 208.24 348.24 398,24 408.24 598.24 698.24 708.24 896.24 VU8.24 1008.24
1 v 0.C181 333.79 392.5 2.5 452.1 482.1 5117 541.8 571.3 630.9 690.8 750.2 809.8 B560.4 929.1 088.7
(101.78) h 69.72 1105.2 1149.2 1171 9 11944 1217.3 1240.2 1263.5 12867 1333,0 1382.1 1431.0 1480.8 1531.4 1583.0 1635.4
s 0.1326 1.0769 2.0491 2.0822 2.1128 2.1420 2.1694 2.1957 2.2208 2.2673 2.3107 2.3512 2.3802 2.4251 2.4592 2.4918
fh 37.75 87.75 137.75 187.75 237.75 287.75 337.75 437.75 537.75 637.75 737.75 837.75 937.75 1037.75
5 v 0.0 154 73,600 © 78.17 84,24 90.21 06.26 102.19 108.23 114.18 126.11 138.05 149.09 161.91 173.83 185.80 197.72
(162.25; h 130.13 1130.8 1148.3 1171.1 1193.6 1218.8 1239.8 1263.0 1286.1 1333.5 138]1.8 1430.8 1480.6 1531.3 1582.9 1835.3
s 0. 347 1.8437 1.8710 1.9043 1.9349 1.9642 1.0020 2.0182 3.0429 2.0808 2.1333 2.1738 2.2118 2.2478 2.2820 2.3146
8h 8.79  58.79 106.79 156.79 208.79 356.79 306.79 406.79 506.70 606.79 706.79 806.79 906,79 1008.79
18 v 0.0168 38.482 38.88 41.06 44.08 48.02 51.01 64.04 57.02 63.01 68.99 74.96 80.92 86.80 02.88 08.85
(193.21) h 161.17 1143.3 1146.7 1170.2 1192.8 1216.0 1239.3 1262.5 1285.8 1333.3 1381.8 1430.8 1480.5 1531.2 1582.8 1635.2
L] 0. 834 1.7878 1.7928 1.8271 1.8579 1.8875 1.9154 1.9416 1.0665 2.0135 2.0570 2.0975 2.1356 2.1718 2.2058 2,2384
Sh 38.00 88.00 138.00 188.00 238.00 288.00 38800 488,00 588.00 688.00 788.00 888.00 988.00
14.698 v 0.01487 26.828 28.44 380,52 83.61 34.65 36,78 38.75 46.91 50.97 55.03 59.08 63.19 87.26
(212.00) h 180.07 11504 1168.2 1192.0 1215.4 1238.9 1262,1 1285.4 %30 1381.4 1430.5 1480.4 1531.1 1682.7 1835.1
- s 03120 1.7588 1.7838 1.8148 1.8446 1.8727 1.8980 1.9238 2.0145 2.0551 2.,0932 2.1202 2.1834 2.1960
St . 38.97 86.97 136.07 186.97 236.97 286.97 386.07 488.97 586.97 686.97 786.07 886.97 988.07
i3 v 0.0167 26.320 27,86 20.90 31.04 33.95 35.98 3¥7.07 41.98 4597 4995 53.93 57.91 61.01 65.89
(213.03) h 181,11 1150.7 1160.2 1192.0 1215.4 1238.9 1282.1 1285.4 1338,0 1381.4 1430.5 1480.4 1531.1 1582.7 1638.1
a 0.3135 1.7548 1.7816 1.8126 1.8424 1.8705 1.8967 1.0216 1. 2.0123 2.0529 2.0810 2.1270 2.1612 2,1938
8h 22,04 72.04 122.04 172.04 222.04 3272.04 372,04 472.04 572.04 872.04 772.04 B72.04 972.04
20 v 0.0188 20.110 20.81 22,38 3$3.01 2543 26895 2845 B81. 34.48 37.44 4043 43.42 46.43 4041
(227.96) h 106.16 1156.1 1108.0 1191.1 1314.8 1238.4 1261.8 1285.0 1382.7 1381.3 1430.3 1480.2 1531.0 1582.6 1635.1
s 03328 1.7315 17485 1.77990 1,8101 1.8384 1.88468 1.8894 1.9368 1.9805 2.0211 2.0592 2.0952 2.1204 2.1820
Bh 9.93  59.98 109.93 150.93 200.93 250.03 350.03 459.93 559.93 659.93 759.93 859.93 059.93
18 v 0.0160 16.321 18.58 17.84 10.08 20.30 31.583 32.73 25.15 27.55 20.94 3233 34.73 37.14 39.52
(240.07) h 208.41 11680.4 1186.3 1190.2 1214.1 1237.9 1261.1 1284.6 1833.4 1381.0 1430.1 1480.0 1530.9 1582.5 1835.0
s 0.3532 1.7137 1.7221 1.7570 1.7875 1.8160 1.8422 1.8673 1.9146 R 1.8090 2.0871 2.0732 2.1074 2.1400
h 49.68  90.66° 140.06 190.66 240.08 340.66 440.68 549.68 640.86 749.66 849.68 040.00
30 v 0.0170 13.763 14.83 1587 16.80 17.91 1892 20.94 23.94 24.94 2693 2803 30.94 3293
(250.84) h 21883 1104.0 1180.2 1213.4 1237.4 1260.6 1284.2 1332.1 1380.8 14299 1479.9 1530.8 15824 1634.9
0.3680 1.0003 17335 1.7643 1.7980 1.8192 1.8444 1.8018 1.9857 1.0768 2.0145 2.0506 2.0848 2.1174
p . 2 190.73 240.72 340.73 440.73 540.72 640.72 740.72 840.72 940.72
23 s 0.0171 11.807 tggg ?g.g? lfg .‘,5 16.;3 16.30 17.94 10,68 21.36 23.08 24.79 26.52 28.22
(250.28) ; 227.92 11'67' Q ]18'8.2 1212.7 1236.9 1260.1 1288.8 1331.9 1380.8 1429.8 1479.8 1530.7 1582.3 1834.8
’ s 0.3807 1.8869 7 1.7488 1.7758 1.8020 1.8274 1.8750 1.9180 1,059 1.9978 2.033% 2.0681 2.1007
32,76 82.76 132,78 183,76 2332.78 382.76 432.76 532.76 G32.70 732.76 832.76 032.76
0 83 0.0172 10.506 11, 11.84 12.62 13, 14,16 1568 17,10 18.80 20,18 21.88 23.20 24.08
(267.24) h 2336.02 1189.7 1187.1 1211.9 1236.4 1350.8 1283.4 1331.6 1380.4 1429.6 1479.8 1530.8 1582.2 1834.8
’ » 0.3019 1.8763 1.6 1.7813 1.7606 1.7868 1.8123 1.8600 1.9040 1.9447 1.9829 2.0191 2.0533 2.08690
25.55 75.55 125.55 175.55 225.55 325.55 425.55 525.85 625.55 725.55 825.55 925.55
44 83 0.0172 9.408 9.785 10,60 11,20 11,89 1257 13.98 1527 16. 17.04 10,27 20.62 21.95
(274.458) b 243.38 1172.0 1 0 12111 12358 1250.1 1383.0 1331.8 12801 1429.4 1479.4 1530.5 1582.1 1834.7
’ s 0.4019 1.6668 oL 1.7178 17471 17784 17000 1, 1.8908 1.9315 1.9697 2.0059 2.0401 2.0728
R R X 188. 218.00 318.90 418.00 518.09 618.00 718.90 818.99 918.99
30 Bg 0.0173 8.522 ;87% gsigg 1}8& lﬁ.gg 11,80 1253 13.74 14.93 16.14 17,34 18.55 19.78
(281.01) h 2.60409 1174.0 1184.6 12108 1 2 1358.6 1282.6 1381.0 1379.0 1429.3 1470.3 1530.4 1582.0 1634.6
: s D.4110 1.0583 1.6724 1.7051 1.734¢ 1.7613 1.7870 1.8349 1.8790 1.9108 1,8580 1.9942 2.028{¢ 2.0811
. 12.93 162,03 21293 312.93 413.93 512.93 612.93 712.93 812.93 912,08

(3] 5 0.0173 7.742 ;2923 g%':gg 19.13(:; 3.708 1036 11,38 1248 13.67 14.87 1576 16.88 17.
(287.07) ; 266.!‘30 1175.8 11.88.2 1209.4 1234.6 12582 12822 1330.7 1379.7 1420.1 1479.3 1530.3 1581.9 1634.8
) s (.4193 1.6500 1.8604 1.6038 1.7240 1.7507 1.7764 1.8244 1.8685 1.90093 1.9475 1.9837 2.0179 2.051%
7.28  57.29 107.29 157.29 207.20 307.29 407.29 507.20 607.29 707.29 807.20 §07.%9
0 B}v] 00174 7.179. 7.260 :7)821 8.353 8.882 0.398 10.42 11.44 1244 1344 1444 1545 16.48
(202.71) b 26210 11776 1181.8 1208.8 1234.0 1257.7 1281.8 1330.4 13795 1428.9 1479.0 1530.2 1581.8 1634.4
‘ v 0.4271 1.6437 1.6484 1.6834 1.7139 1.7407 1.7665 1.8146 1.8588 1.8906 1.0378 1.9741 2.0083 2.0410
2.03 52.03 102.03 152.03 202.03 302.03 402.03 502.03 602.03 702.03 R02.03 002.03
(11 SE: 0.0174 6.3 8.674 7.202 7.606 B8.187 8.6656 0.614 10.55 1148 1240 13,33 14.28 15.19
20T 9T h 267.51 11791 1180.4 1207.6 1233.4 1257.2 1281.4 1330.1 1379.3 1428.8 1478.0 1530.1 1581.7 1634 4
. s U d_:%iQ 1.8374 1.6361 1.6738 1.7047 1.7316 1.7675 1.8057 1. 1.8908 1.0201 1.9654 1.u946 2.0323
i » 47.08 97.08 147.08 197.08 297.08 387.08 497.08 597.08 697.08 797.08 887 08
79 lw 00175 8.210 6.671 7.132 7.602 8,036 8.920 9.791 10.656 11,51 12.37 13.24 14.10
2.4 b 27281 1180.5 1206.7 1232.8 1256.7 1281.0 1329.9 1379.0 1428.8 1478.7 1530.0 1581 & '1’63(.1
- a D.4400 16314 1 6647 1.6960 1.7330 1.7490 1.7074 1.8418 1.8826 1.9208 1.9572 1.9914 2.0341
42,40 0240 142.40 192.40 202.40 302.40 402.40 59240 6Y2.40 Ty2.40 B8U2 40
T¥ 8': N0OI78 5820 8.210 6.644 7.076 7.492 8318 9133 0938 1074 i1.54 12.38 1316
1307.43) h 277.44 11819 1205.8 1232.2 1256 2 1280.6 1329.6 1378.8 14284 1478.8 15208 .158‘1. 5 .1630 2
N o 0.4472 1.8260 1 6563 1. 6379 1.7150 1.7411 1.7806 1.8339 1.874v 1. 9['1" 1 O495 1 U837 20164

Bh - iuperhut deg F.
v = spacifio volume, cu. ft per il

- 10 w

b = enthalpy, B.t.u. per 1b.
s =~ entropy, B.t.u. per deg. K. pw 1b.

T.T.3-2,5-8



Tame 3. SurkrurarTen STLAM——Contmuod

Aba '1oaa

Lh “Kq I Ret. Skt, " TrwesraTone D xoHxes FigrwNEEIT

(Hat Temp.o Waia Steam 340°  360-  380°  400°  430°  450°  300°  600° 700° 800° $00° 1080° 1100° 1200°
st ’ 27.07 4797 6797 8797 107.07 137.07 L87.07 287.97 387.07 487.87 587.07 689.67 7A7.07 847 ur

80 v 0.0178 5476 5720 &5.889 6.055 6.217 6.384 6.8623 7.015 7.703 8.558 0.313 10.07 J0.82 11.58 1233
(31200 b 282.02 1183.1 1200.0 1211.0 1221.2 1231.5 12403 1255.7 1280.2 1820.3 137B.5 1428.2 1478.4 1520.7 1581.4 16834.1
& 0.4532 1.0209 1,6424 1.u580 1.8883 1.6804 1.0005 1.7077 1.7339 1.7825 1.8268 1.8679 1.0062 1.9426 1.6768 2.0095

&h 2375 43.7% 63.75 83.75 103 75 133.75 183.76 283.75 383.75 483.75 583.75 683.75 7R3.75 883.75

88 v 00178 5189 5368 5.528 5.885 5.839 6.226 6.604 7.320 8.050 8.762 9.472 10.18 10.80 11.81
(318.25%  h 28040 11%4.3 1198.5 1210.0 1220.5 1230.7 12397 1255.1 1279.7 1320.0 1378.3 1428.0 1478.2 1520.6 1581.3 1834 0
0.4587 1.6150 1.6338 1.8481 1.8608 1.6728 1.6831 1.7003 1.7266 1.7754 1.8198 1.8600 1.8092 1.8357 1.9699 2.0028

8h 19.73 3073 50.73 79.73 99.73 120.73 170.73 279.73 379.73 479.73 579.73 679.73 770.73 879.7

90 vy 0.0177 4.888 6.065 5208 5.357 6.504 35.853 5.860 6.220 6.916 7.500 8.272 R.O43 006268 10.29 10.08
(820.27) h 290.67 1185.4 1197.3 1209.0 1219.8 1230.0 1239.1 1254.5 1279.3 1328.7 1378.1 1427.9 1478.1 1529.56 1581.2 1634.0
s 0.4041 1.8113 1.6264 1.8408 1.6548 1.8658 1.6783 1.8035 1.7200 1.7689 1.8134 1.3548 1 8999 1.9294 1.9636 1.9064

h . 15.87 3587 535.87 75.87 05,87 125.87 175.87 2756.87 375.87 47587 375.87 675.87 775.87 875.87
K 0.0177 4853 4.773 4,921 5063 5205 5348 5.552 5.886 6.547 7.195 7.834 B 481 9.117 9751 10.38
[

5 .
(32413 204.58 1186.4 1196.0 1208.0 1219.0 1220.3 1238.6 1254.0 1278.9 1828.4 1377.8 1427.7 1478.0 1520.4 1581.1 1633.9

0.4692 1.6070 1.6191 1.6339 1.6472 1.6593 14700 1.6872 1.7138 1.7628 1.8073 1.8485 1.8869 1.9234 1.9578 1.9904

h 12,17 32,17 5247 7217 9L1T 12207 172,17 272,17 37217 472.17 572.17 672.17 772.17 872.17
v 0.0177 4.433 4520 4.663 4.801 4.086 5.070 5.268 5.580 6.217 6.836 7.448 8.055 8.659 9.262 9.862
b 208,43 1187.3 1194.9 1207.0 1218.3 1228.4 1238.8 1253.7 1278.6 1327.9 1377.5 1427.5 14780 1620.2 15681.0 1033.7
s 0.4741 1.8028 1.6124 1.6273 1.6409 1.6628 1.6645 1.6814 1.7080 1.7568 1.8015 1.8428 1.8814 1.9177 1.9520 1.9847

h 8.62 28.62 48.62 68.52 88.62 118.62 168.62 268.62 368.62 468.62 588.82 668.62 768.62 868.62
105 K0.0WS {.232 4.292 4.42) 4.562 4.601 4.820 6.007 5318 5016 6.507 7.000 7.6470 8.245 8.818 9.391
[

100
(827.83)

(331.38) 30,13 1188.2 1193.,5 1205.0 1217.2 1227.8 1237,5 1232.9 1278.0 1327.8 1377.4 1427.3 1477.7 1529.2 1580.9 1633.7
0.4787 1.5888 1.6066 1.6208 1.6344 1.8466 1.6580 1.6752 1.7020 1.7511 17980 1.8372 1.8767 1.9122 1.0464 1.979}

h 5.21 2521 4521 6521 85.21 115.2] 18521 28521 365.21 485.21 565.21 685.21 785.21 885.21
v 0.0178 4.050 4.084 4.217 4,345 4,480 4.592 4.773 5089 5843 6.208 6.765 7.319 7.860 8417 8983
h 305.60 1180.0 1192.2 12049 1216.4 1226.9 1236.9 1252.4 1277.5 1327.4 1877.1 1427.1 1477.5 1520.1 1580.8 1633.8
s 0.4832 1.5660 1,5990 1.6147 1.6286 1.6410 1.6525 1.8808 1.8966 1.7460 1.7008 1.8321 1.8706 1.0072 1.9414 1.974%

110
(334.79)

8h 21,92 41,02 61.93 81.92 111.92 161.92 261.92 361,97 461,92 561.92 681.92 761.02 861.02
118 v 0.0176 3,882 - 4.022 4,146 4,266 4,384 4558 4.843 5393 5.935 06.480 6.900 7.526 B8.040 8.572
(338.08) h 309.13 1189.8 1203.8 12156 1226,2 1236.3 1251.9 1277.1 1327.1 1376.0 1437.0 1477.4 "1528.9 1580.7 1833.6
s 0.4875 1.5015 . 1.6088 1.6230 1.8356 1.6471 1.6645 1.6915 1.7410 1.7859 1,8373 1.8858 1.9023 1.0366 1.9605
1]
18.74 88.74 58.74  78.74 108.74 158.74 288,74 B358.74 458.74 558.74 658.74 758.74 858.7¢
120 v 0.0179 3.728 3.345 3.063 4.079 4.194 4.381 4.635 5.185 5.685 6.107 6.706 7.210 7.713 8,218
(341.28) h 312.46 1190.6 1202,7 1214.7 1225.4 1235.7 1351.4 1270.7 1326.8 1376.7 1426.8 1477 2 1528.8 1580.6 1633 §
© s 0.4916 1.5879 1,6028 1.6173 1.,8209 1.6417 1.6502 1.6863 1.7850 1.7809 1.8223 1.8608 1.8974 1.2317 1.9646
. 16.66  35.68 55,66 75.66 105.66 155.66 255.66 B55.66 455.06 555.66 655.66 755.86 855.66
128 y 0.0179 3,586 0 B.680 8708 3.008 4.010 4,181 4,445 4,954 5.454 5047 6435 6.920 7.403 7.8856
(344.34) h 315.69 1191.3 1201.6 1218.7 1224.6 1235.0 1250.8 1276.3 1326.5 1870.4 1426.8 1477.1 15287 1580.5 1833.4
s 0.4056 1,58468 1,5973 1.6119 1.6246 1.6367 1.6544 1.6817 1.7814 1.7764 1.8179 1.8566 1.8031 1.0274 1.9603
13,60 32.680 52,60 72.69 102.80 152.60 252.69 362.09 452.69 552.69 862.69 752.60 852.69
130 v 0.0180 B.453 3.528 3.841 3,750 3.857 4.013 4.268 4.760 5.242 5718 6.188 6.653 7.117 7.58
{347.81) h 318.81 1103.0 1200.4 1212.7 1223.6 1234.3 1250.3 1275.8 1326.1 1376.1 1426.4 1476.9 1528.6 1580.4 1633.3
s 0.4995 1,5813 1.5018 1.6066 1.8194 1.6317 1.6496 1.8760 1.7267 1.7718 1.8134 1.85%20 1.8887 1.9230 1. 8659
.79 20.79 49.70 60.79 00.70 140.70 240.79 340.79 440.79 549.70 640.79 749.79 84979
138 v 0,0180 3,333 3.888 3.407 3.603 3.707 38.850 4.105 4.580 5,045 5502 5955 6.405 6.853 7.303
1350.21) h 321,86 11927 1109.2 1211.7 1222.7 1233.8 1340.7 12754 13258 1375 9 1426.2 1476.8 1528.6 1580.3 106339
e 0.5032 1.5784 1.8864 1.6016 1.6144 1.6269 1.8440 1.6724 1.7238 1.7674 1.8090 1.8476 1.8843 1.9188 1.0515
Sh 6.97 28,07 48,97 66,97 06.07 146.97 246.07 340.97 446.07 546.97 646.97 746.07 846.97
140 v 0.0180 3.220 3.258 3.364 3467 3,567 8.715 3,954 4.413 4.862 5303 5741 6175 0.607 - 7.037
(353.03) h 324,83 1198.8 1198.0 1210,6 1221.8 1232.0 1249.1 1276.0 1326.5 1375.7 1426.0 1476.6 1528.4 1580.2 1833.3
s 0.5080 1.5755 1.5818 1.59656 1.6097 1.6225 1.6406 1,6083 1.7183 1.7635 1.8051 1.8437 1.8804 1.9147 1.9476
8h 424 24,24 44.24 6424 04.24 144.24 244.24 34494 444,24 544,24 644.24 T44.24 844.24
1468 y 0.0181 3,114 3.136 3.240 3.340 38,438 38,581 3.812 4.257 4.602 5.110 b5.5641 6961 6.378 A.794
(355.76) h 8 27 71 1103.9 1106.7 1200.6 1220.9 1282.2 1248.5 1274.5 1326.1 1375.4 1425.8 1476.5 1528.3 1580.1 16331
s 0.5104 1.5736 ‘1.6760 1.5914 1.8048 1.6178 1.8380 1.8638 1.7139 1.7592 1.8009 1.8306 1.8763 1.9100 1.9435
21.57 41,57 61.57 QL.57 141,57 241.57 341.57 441.57 541.57 641.57 741.57 B41.867
is0 v 0.0181 3.018 3.124 3,221 3,317 3.458 3,681 4.112 4,533 4,946 5355 5761 6.164 '6.567
(358.43) h 330.53 1194.4 1208,4 1220.0 1231.4 1248.0 1274.1 1324.9 13751 1425.6 1476.3 1528.1 1580.0 18330
» 0,5138 1,5608 1.5865 1.8002 1.6133 1.6319 1.6508 1.7101 1.7553 1.7970 1.8357 1.8724 1.9068 1.0397
B8h 18.98 38.98 58.08 88.08 138.08 238.08 338,08 438.098 538.98 638.08 738.88 838 or
158 vy 0.0181 2,921 8.0156 8,110 3.208 3.840 38.568 B8.076 4.384 4785 5181 5574 5964 .6.354
(361.02) h 338.27 1195.0 1207.2 1219.1 1230.7 1247.5 1273.8 1324.5 13749 1425.4 1478.2 1528.0 1579.9 18329
s 0,5172 1.5671 1.6818 1.5058 1.6091 1.6279 1.8558 1.7062 1.7616 1.7933 1.8321 1.8688 1.9032 }.u36!
h 16.45 36.45 58,45 B6.45 136,45 236.45 336.45 436.45 536.45 638.45 736.45 K38 4
180 v 0.0182 2,834 2,913 3,006 3.097 3.230 3.443 3.849 4.245 4.833 5.018 5398 5777 B8.158
(363.55) h 335,95 1195.6 1208.0 1218.3 1230.0 1248.9 1273.2 1324.1 1374.7 1425.2 1476.,0 1527.9 1579.8 1832.8
s 0.5 1,5646 1.5772 1.5017 1.6052 1.6241 1.6622 1.7026 1.7482 1.7809 1.8287 1.8855 1.8999 1.9328
Sh = superheat, deg. F. : h = enthalpy, B.t.u. per lb.
v = specifio volume, ou. ft. per lb. s = entropy, B.t.u. per deg. F. per lb.



Tasrx 3. Surerumated STEAM—Confinued

Abs, Preas,

Lb./8q. In.

Bat.

Bat.

(8at, Tomp.) Water Bteam

TaxrRRATURD—Daarxns Faxnmwmrr
400 40°  4dB"  480°  dae*

[ d

voo*

1800°

168
(366.01)

110
(868.42)

178

(370.77)
180
(373.08)
188
(376.34)
190
(377.55)
198
(379.70)

200
(381.82)

305
{183.89)
110
(385.93)
218
(387.93)
320
(389.89)
pe1)
(391.81)

330
(893.70)

388
(395.60)
340

i397.40)

346
(399.20)

8b
¥ 0.0182
h 388.55
» 0.5236

8h
-+ 0.0182
h 341.11
s 0.5266

Bh
7 0.0182
b 343.81
s 0.5206

Sh
v 0.0183
b 348.07
s 0.5325

8h
v

h
8

0.0183
348.47
0.5354

gk

v 0.0183
b 350.83
s 0.5382

Bh

v 0.0184
h 353.18
u 0.5400

Bh
M
b

0,0184
355,40
0.5436

n oo
» T ardp

w
4 o

n

b =

22}
-4 -

w

o O<d B

o
LR =

0.0186
372.18
0.5632

mn
w < s

0.0186
374.11
0.5854

1.5593

2.601
1196.7
1.6509

2,532
1197.2
1.5545

2.466
1197.6
1.8622

2.404
1198.0
1.5501

2,344
1108.4
1.547¢

2.288
11087
1.5457

1.5305

2,088
1109.0
1.5378

2.042
1200.2
1.5358

1.8797
1201.1
1.5283

53 90

2.909
1217.4
1.6874

1.5833

29.23
2.730
1215.8
1.5793

1.6751

24.08
2.570
1213.7
1.5713

22.45
2.490
1212.7
1.5674

13117
1.6636

18.18
2360

1210.8
18800

53.99
2.997
1220.3
1.6011

51.58
2.903
1228.4
1.5969

1225.1
1.5817

4080

2.508
1224.2
1.5780

381!

1”3.7
1.5748

1217.5
1.56513

22.80
1.908
1216.6

78.99
8.084
1241.1
1.6144

71.58
2.988
1240.8
1.6108

69.23
2.807
1289.9
1.6069

56.11
3.440
1285.4
1.5854
54.07
2.384

1234.7
1.5821

52.07
2,324
12340
1,6789

50.11
2,207
1283.2
1.5757

48.19

2212 -

12823
15724

48.30
2.180
1231.8
1.5693

44.44
2.110
1230.8
1.5662

42.60
2.002
1230.0

1.5482 1,5633

20.80
1.050
1215.8
1.5450

40.80
2,015
1229.1
1.6602

93.09
3.170
1261.8
1.6262

91.58
3.071
1231.3
1.6224

1.5770

60.80
2.078
12418
1.5742

113,99

3.251
1262.4
1.6376

2Lz o
§:§s 88

<
»

»
e
»

E és

1254
1.5808

80.80
2.139
1253.8
1.5871

1.6346

116.11

2.858
1269.0
1.6318

11‘07

1208 5
1.0185

121!207
1268.0
1.8158

110 11
2.405

1267.6
18127

183.99

3.533
1298.5
1.6747

166 11 216.11
2,821  3.982

160.11

2621
1204.1
1.6397

158.19

2,560
1203.7
1.6369

158.30

2,502
1293.3
1.6341

1292.0
1.6263

1321.0
1.6731

214.07
2.908
1320.7

54 1.6702

212,07

2.839
1820.4
1.8675

1.6619

206.30

2.047
13183
1.8592

204 .44

2.589
1319.0
1.8588

1.6517

333.99

4.114
1374.5
1.7448

331.58

3.991
1374.2
1.7412

829.23
878

1876 0
1.7380
326.92

3.708
1373.7
1.7848

324.00
3.001
1378.4

0853 1.7313

322.45

3.583
1373.1
1.7282

3.470
1372.9
17252

818.18
s

8 1321.4 1373.5
1.6511 1.8761

1.7931

433.00

4,491
1425.0
1.7865

431.58

4.387
1424.9
1.7831

429.23

4.231
1424.7
L7190

436.92
4.112
434

1.7765

—
o

533.99

4.864
1475.9
1.8254
531.58

4.720
1476.7
1.8219
529.23

4.584
1475.8
1.8188

333
1478.3
1,8122

618 18

1474 9
1.8088

633.99

5.234
1527.8
1.8622

822.45

4.040
1827.1
1.8481

618.18

4.311
1526.0
1.8402

1579.0
1.8749

316.11 410.11 516.11 616,11 716.11
3.604 908 4.205

3.907
1872 4
171094
314.07

3.218

1372.1
1.7188

312.07

3.140
13719
1.7339

810.11

3.067
1371.6
1.7112

808 19

2.997
1371.4
1.7088

308.30

2.930
13711
1.7059

304.44

2.860
1370.9
1.7034

302.60

2.805
1370.5
1.7000

300.80
2,748

3.00
1370.3 1421.9 14735 1525.8

1423.5
17818

414 07

Ii% 3
1.7588

{§2 07
1423.1
1.7562

410.11

8,354
14229
1.7536

408.19

3.27
1422.7
1.7510

CQ

o

1.7458

402.60

3.069
1422.1
1.7435

400.80

3,
1474.7
1,8007

514, 07
3.8

1474 6
1.7980

512.07

510.11

3.837
1474.2
1.7928

508.19

3.555
1474.1
1.7002

508.30

3.477
14740
1.7877

504.44

3.402
1473.8
1.7852

502.60

3.330
1473.06
17828

500.80
3.261

1526 8
1.8377

612.07

4.008
1526.5
1.8324

1.6985 1.7411 1.7805 1.8176

4.502
1578.9
1.8722

714.07

4.395
1578.8
1.8695

712.07

4,292
“1578.7
1.8870

710 11

708.19

4.100
1578.5
1.8818

706.30

T04.44

3.924
1578.3
1.8568

1.85435

700.80

3.762
1578.1
1.8522

8h = superheat, deg. F.
v =~ apscifio volums, cu. {t. per tb.

12 -

b = cnthsipy, B.t.u. per Ib.
s = entrupy, B.t.u. per deg. ¥. per ib,

8i6.11

4.708
1831.1
1.006%

814.07

4.083
1632.0
1.9025

812,07

4.574
1631.9
1.9000

802.60

4.095
16315
1.R76

BUY .8

4.01;
IB314
L.REHS

a3“"?o 5""8
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Tapre 3. SvrerguaTeEd STRAM-—Condrnued

Abe. Fross.

Lb./3a. In.  Sat. Sal. Temreasrone--Deowess FAURENEXIT

'—n Temp.) Water Bleam 420° 440° 480° 480° . 600° 530° BBO°  800° T0O" $00° 900" 1000° 1100° 11.00°
Sh v 19.03 3008 50.03 79.03 00.03 110.03 149.03 1890.03 200.03 800.08 400.03 590.03 099 0% 7uV.94

<

250 0.0187 1.8431 1,9065 1.0711 2.0834 2.0032 2.1515 2.2085 2.2020 2.4272 2.6897 2.0444 3.1940 3.4410 3.6R87 3 .8
(400.97) L 376.04 12014 1214.8 1228,3 1341.0 1358.2 12064.7 1274.5 1201.6 1317.0 1370.0 1421.7 1473.3 15258 1578.0 1f31 2
0.5677 1.5287 1.5419 1.55673 L.5713 1.5844 1.5065 1.6086 1.6238 1.6402 1.6061 1.7388 1.7783 1.8153 15500 1 3R%L

17.20  37.29 67.20 77.20 07.29 117.20 147.29 197.20 207.20 397.20 407.20 £07.29 097.20 707 "%
00187 1.807¢ 1.8688 1.9286 1.9800 %.0489 2.1065 2.1826 2.2447 2.3776 2.8354 2.8855 3.1313 3.3733 3.6138 3 Asls
377.91 1201.6 1218.7 1227.5 12403 1252.6 1264.2 1274.2 1201.2 1317.5 1369.8 1421.5 1473.2 1525.5 1877.0 163i 2
0.5698 1.5249 1.5388 1.5543 1.5684 1.5816 1.5038 1.6041 1.6212 1.5468 1.6937 1.7364 1.7750 1.8130 1.B477 1} 8suM

15.57 85.57 5557 76.57 95.57 115.67 145.57 105.67 205.57 30587 405.87 695.57 095.57 795 57
0.0187 1.7742 1.8248 1.8878 1.0482 2,0063 2,0631 2.1185 2.1991 2.3200 2.5833 2.8289 3.0701 3,3077 3.5437 3 7774
379.78 1201.8 1212,8 1226.6 1230.5 1252.0 1263.8 1373.8 1200.8 1317.1 1389.5 1421.3 1473.0 1525.4 1577.8 16311
0.5720 1.5233 1.5350 1.8614 1.5856 1.5790 1.5012 1.6017 1.6188 1.86442 1.0014 1.7342 1.7737 1.8100 1.84568 1} 8787

13.88 33.88 63.88 73.88 03.88 113.88 143.88 103.88 208,88 3J03.88 403.88 593.88 693.84 742 48
0.0187 1.7418 1.7858 1.8481 1,0080 1.9654 2.0213 2.0760 2,1554 2.2840 2.5331 27744 3.0114 3.2446 3.4781 37061
381.62 1202.0 1211.9 1228.7 1238.7 1251.2 1263.0 1273.4 1200.4 1318.8 1369.3 1421.1 14729 15253 157 7 1a3t 1
0.5741 1.5217 1.3330 1.5485 1.5628 15762 1.5886 1.5903 1.6164 1.6419 1.8892 1.7320 1.7715 1.8087 1.8434 18743

12,21 3221 5221 72.21 902,21 112,21 142.21 102.21 202.21 391.21 492.21 502.21 602.21 792.31
0.0188 17101 1,7488 1.8101 11,8692 1,9250 1.9810 2.0350 2.1131 2.2300 2.4847 2.7210 2.9548 3.1838 3.4112 3.4370
383.43 1202.2 1211.0 1224.¢ 1238.0 1250.6 1262.5 1273.0 1200,0 1316.4 13600.0 14209 1472.7 1525.1 1577.6 1431.0
0.5761 1.5200 1.5301 1.5457 1.5601 1.5736 1.5861 1.5060 1.6140 1.6305 1.8860 1.7208 1.7603 1.B085 18413 1.8744

10.56 80.56 < 50.56 70.56 ©0.56 110.56 140.58 190.86 290.56 300.56 400.58 500.56 600.56 790.36
0.0188 1.6708 1,7127 17735 1.8318 1.8879 1.0422 1.0056 2.0725 2,1973 2.4382 2,0714 2.0002 3.1283 3.3486 3.5704
885.22 1202.3 1210.0 1224.1 1237.3 1250.0 1262.0 1272.6 1280.5 1316.1 13688.7 1420.7 1472.8 1525.0 "15677.6 1630.8
0.5782 1.5183 1.5271 1.5420 1.5674 1.5711 1.5837 1.5048 1.8116 1.6373 1.6847 1.7277 1.7673 1.8045 1.8303 1.8724

8.04 2804 48.904 68.94 B8.04 108.04 138.04 '188.94 1288.04 288.04 488.04 5B3.94 088.04 7RS8.04
A . 1.0048 1.9576 32.0334 2.1502 2.3032 26126 2.8475 3.0688 B.2853 3.5062
386.99 1202.5 1209.0 1223.2 1236.5 124D.4 1261.5 1273.2 1280.1 1315.7 1368.5 1430.5 14724 1524.9 1577.4 10308
0.5802 1.5167 1.5241 1.5401 1.5547 1.6686 1.5813 1,5023 1.6003 1.6350 1.6826 1.7256 1.7652 1.8024 1.8372 1 8703

7.34 2734 4734 67.34 87.34 107.34 137.34 187.34 287.34 3B7.34 487.34 587.34 087.34 787.34
0.0188 1.8233 1.6446 1.7040 1.7610 1.8157 1.8687 1.9207 1.0958 2.1165 2.3400 1.5760 2.7068 3.0143 3.2300 2 4443
388.74 13032.7 1208.0 1322,3 1235.6 1248.7 1260.¢ 1271.8 1288.6 1315.4 1368.2 1420.8 1473.3 1824.7 1577.3 16307
0.5829 1.5188 1.5214 1.5875 1.6521 1.5682 1.85760 1.5802 1.6071 1.6330 1.6806 1.7237 1,7633 1.80056 1.8353 ].8684

[+23
=2

158
(402.71)

o

o
4T o4 w45 =<

160
S (404.43)

268
(406,12)

o

270
(407.79)

[£2}

s i
(400.44)

w

280
(411.06)
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188
1412.86)

g

576 2576 45.76 6576 8576 10576 135.76 }BL.70 B85.Y8 B8S.76 485.768 B585.76 686.7G 7B Tn
0.0189 1.5047 1.6182 1.6710 17373 1.7815 1.8338 1.8853 1.9500 2.0783 2.5080 3.5302 2.7478 2.0610 3.1738 3.384s
890.47 1202.0 1207.0 1231.4 1234.8 1248.0 1260.4 1271.4 1288.2 1315.0 1867.0 14301 1472.1 15246 1577.2 16306
0.5841 1.5187 1.5184 1.5346 1.5403 1.5836 1.57668 15870 1.6048 1.6307 1.0784 1.7215 1.7612 1.7084 1.8332 18063

420 2430 44.20 84,20 84.20 104.20 134.20 184.20 384.20 384.20 484.20 584.20 0684.20 784 30

0.0180 1.5884 1.5800 1.8301 1,6948 1.7484 1.8001 1.8510 1.0238 2.0413 2.2077 2.4863 2.7004 2.6108 3.1195 3.336
1203.0 . 7.4 12598 12710 1287.8 1314.7 1387.6 14199 1472.0 1524.56 1577.1 1030,

0.5861 1.5122 1.5157 1.5319 1.5467 1.5611 1.5742 1.5857 1,0026 1.6386 1.5763 1.7195 1.7503 1.7065 1.8313 1.804

. 2.67 29067 42.67 6267 82.87 102.87 132.67 182.07 282.67 381.67 482.87 582.87 882.47 731.4
0.0180 1.5426 1.5506 1.6083 1,6834 1.7184 1.7677 1.8172 1.8808 2.0054 2.2288 2.4447 2.6647 2.8834 3.0870 3.27¢
803.85 1208.2 1205.2 1210.6 1233.4 1246.6 1260.8 1270.5 1287.4 13144 1387.4 1410.7 1471.8 1524.4 1577.0 1630
0.587¢ 1.6107 1,5130 1.5291 1 3 1.5585 1.5718 1.5834 16004 1.6265 1.6742 17176 1.7572 1.7945 1.8204 1.88%:

19.65 30.65 80.85 79.65 09.65 120.85 179.85 279.65 870.85 47U.85 570.85 070.85 7Tg A
1,4988 1.5405 1.6038 1,8555 1.7054 1.7546 1.8248 1.9375 2.1541 2.83831 2.6675 2.7682 2.9471 3.iM:
397.16 1208.8 - 1217.8 1231.5 13456, 1268.0 1260.8 1286.4 1313.5 1306.0 1419.3 1471.5 1524.1 15768 1830
0.5917 1.5079 1.5240 1.5801 1.5639 1.5673 1.5703 1.5962 1.6224 1.8708 1.7138 1.7536 1.79090 1.B258 185w

16.71 8671 56.71 76,71 0871 120.7) 176.71 276.71 B78.71 476.71 578.71 678.71 7767
0.0190 1.4479 1.4043 1.5478 1.5082 16472 1.6054 1.7637 1.8737 2.0844 2.2874 24857 2.6804 28735 3 D64
400.40 1203.8 1216.0 12200 1244.0 1256.8 1208.6 128504 1312.8 1366.3 1418.0 1471.2 1523.8 15766 j830
1.5052 1.5180 1.5843 1.5494 1.5620 1.5751 1.6022 1.6185 1.6087 1.7102 1.7501 1.7874 1.B224 ] 8&&x

13.84 33.84 53.84 78.84 03.84 123.84 178.34 273.84 373.84 47B.84 373.84 67384 7T <
0.0180 1.4048 1.4424 1.4944 1.5445 1.5025 1.8397 1.7064 1.8138 2.0180 2.21863 2.4000 25981 2.7855 I87..
403.56 1204.0 12)4.1 1228.2 12425 1255.5 1367.6 1284.7 1312.1 1365.8 1418.4 1470.8 1523.6 15764 ja3i .
0.5688 1.5028 1.5138 1.5201 1.5445 1.5582 1.5707 1.5879 1.6144 1.6628 1.7063 1.7483 1.7837 1.Biy7 1

11.04 381,04 5104 71.04 01,04 121.04 171.04 271.04 371.04 471.04 571.04 671 04 (71 ue
0.0101 1.3640 1.3935 1.4440 1.4936 1.5400 1.5872 2. Mg
406.65 1204.2 1212.2 1226.5 1341.0 1254.2 1264.8
0.6023 1.4997 1.5088 1.5243 1.5309 1.5588 1.5080

8.20 28.20 48.20 6820 8830 118.20 168.£0 208.20 368.20 468.20 568.20 848 v
0.0191 1,8358 1,3472 1.3076 1.4460 1.4023 1.5377 1.6016 1.7041 1.8001 2.0803 2.2087 2.4475 2.A248 o u
400.70 1204.4 1210.3 12248 1239.5 1252.9 1286.5 1282.9 1310.6 1364.7 1417.6 1470.2 1523.0 1574 0C 3
0.6057 1.4972 1.5038 1.5197 1.5355 1.5496 1,562 1.5801 1.6069 1.6556 1.6003 1.7306 1.7760 1.8120

5.61 356.61 4:6 61 65.61 8561 115.61 165.61 265.61 363.6]1 465.61 56581 665581 7
0.0192 1.2888 1.3085 1.8533 1.4008 1.4463 1.4000 1,5536 1.6538 1.8441 2.0268 22044 23784 25504 2.
412.67 1204.5 1208.5 1228,1 1238,0 1251.5 1264.5 1283.0 1309.9 1384.1 1417.2 1469.9 15228 15758 ¥
0.8090 1.4048 1.4001 1.5151 1.6311 1.5453 1.5587 1.5768 1.6033 1.6£21 1.6960 1.7362 1.7737 1.80sK %
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o
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340
(428.94)
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(431,71)
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ardD =

360
(434.39)

8h e superheat, deg. F. h « enthalpy, B.t.u. per lb. .
v - speolﬂo volume, ou. It per lb. a = entropy, B.t.u. per deg. F. per b,



TaBLE 3. SUPEREEATED STRAM—Continued

LT

Abs, Pr :
Lb./8q Bat.  Bat. T:xnu-mkanxm Fagnmramrr :
(Bat. Tamp)VVlur Bteam 460° 480° 3508 §30° 848° uo' 586 606"  T00° 300°  900° 1008° 1100° ‘
Sh 22.00 42,99 62.90 82.99 102.09 122.99 145.99 162.09 2062.99 362.99 462.80 562.99 662.99 7%
370 v 0.0192 1.2545 1.3111 1.3679 1.4028 1.4468 14881 1.5386 1.5675 1.6068 1.7931 1,0708 2.1435 2.3181 2.480% 8.
(437.01)  h-418.58 1204.6 1221.4 1236.5 1250.2 1263.4 13753 1286.7 1208.83 1300.1 1363.6 1410.8 1469.6 1522.5 1575.6 1639.)
s 0.6122 1.4931 1.5106 1.5288 1.5412 1.5548 1.5867 1.5781 1.5894 1.5907 1.6488 1.6928 1,7331 1.7706 1.8058 1.8981
8h 20417 40.41° 60.41 80.41 100.41 120.41 140.41 160,41 200.41 860.41 460.41 580.41 6680.41 760.41
380 v 0.0103 1.2217 1.2711 1.3173 1,3614 1.4045 1.4453 14850 1.5233 1.5612 1.7428 1.0168 2.0859 2.2513 2.4148 2.578¢
(439.59) h 418,45 1204.7 1219.8 12350 1348.8 12683.3 1374.3 1388.0 1297.5 1308.4 1363.0 1416.4 14690.2 1522.2 15754 18M.]
s 0.6154 1.4807 1.5063 1.5226 1.5371 1.5510 1,5630 1.5747 1.5850 1.5063 1.6455.1.6806 1.7209 1.7675 1. X.ml
. Bh 17.80 37,80 57.88 77.89 97.80 117.89 137.89 157.80 257.80 357.80 457.80 557,89 657.89 757.%
%0 v 0.0183 1.1904 1,2382 1.2788 1.3223 1.3647 1.4048 1.4430 1.4812 1.5184 1.6961 1.8661 3.0311 21925 2.3521 2.510%
(442.11) b 421.27 1204.8 1218.0 12334 1247.4 1261.3 1273.2 1285.1 1396.7 1307.7 1862.5 1416.0 1468.9 1522,0 15752 1628.¢
s 0.6184 1.4872 -1.5017 1.5183 1.5330 1.5473 1.5503 1.5711 1.5834 1.5939 1.6423 1,6885 1,7260 1,7648 1,7998 1.833%
Sh 15.42 3542 5543 7542 0542 115.42 13542 155.43 355.42 43 455.42 555,42 655.42 755.43
400 v 0.0193 1.1609 1.1972 1.2422 1.2840 1.3269 1,3660 1. 1.4413 1.4777 1.6523 1.8179 1.0706 3.1367 2.2926 2.44T4
(444.58) h 424.02 1204.9 1216.5 1231.6 1245.9 1250.9 12732.4 1284.3 1295.8 1307.0 1882.1 1415.5 1468.8 1521.5 1574.8 1628.8
& 0.6215 1.4850 1.4977 1.5140 1.5290 1,5434 1.5861 1.5678 1.5790 1.5807 1.8398 1.6835 1.7340 1.7615 1,7068 1.8304
8h - 13.00 33.00 B53. 73,00 93.00 113.00 138.00 153.00 253.00 353.00 458.00 653.00 753.00
410 v 0.0184 1.1327 1,1628 1.2071 1.2404 1,2006 1,3291 1.8689 1.4033 1. 1, JT723 1.9297 2.0837 2.2350 2.3884
(447.00) h 426.74 1208.0 1214.6 1230.9 1244.5 1258.8 1271,2 1383.5 1295.1 1306.3 1361.4 1415.1 1468.3 1521.4 1574.8 1628.8
+ 0.8244 1.4828 1.4033 1.5101 1.5252 1.5390 1.5524 1.5648 1.5759 1.5865 1.8363 1. 1.7212 1.7589 1.7043 1.8277
8h 10.62 30.63 50.62 70 62 00.62 110.82 130.62 150.83 .62 850.63 450.62 550.62 650.62 750,02
420 vy 0.0184 1.1058 1.1300 1.,1738 1.21568 1.2581 1.2043 1.3312 1.8871 1,4021 1,5693 1. 1.8826 2.0332 2.1810 2.3200
(449.38) b 420.42 1205.0 1213.0 1228.6 1243.1 1257.5 1270.3 12832.6 3 1 v 360.8 1414.8 1468.0 1521.3 1574.6 1828 4
s 0.6273 1.48056 1.4802 1.5060 1.6818 1,5381 1,5489 1.5613 1.6726 1 1.6331 1.6776 1.718¢ 1.7861 1.7915 1.8948
Bb 8.28 28.28 ¢8.28 68.28 88.28 106.28 138.38 14828 24828 348.28 448.28 548.28 648.28 748.28
430 v 0.0195 1.0800 1.0986 1.1419 1.1 1.2233 1.2 .2972 1.3326 1.3670 1,5309 1. 1.0850 2,1305 2.3743
(451.72) h 432,05 12050 1211.2 1227.0 1241.7 1256.3 1269,1 1281.8 1903.5 1304.6 1360.3 1414.2: 1467.6 1520.0 1574.4 1638.2
s 0.6302 1.4782 1.4850 1.5020 1.5175. 1.58338 1.5455 1.5581 1.5695 1.5801 1.6303 1.6748 1.7156 1.7534 1.7888 1.8323
Sh 5.890 26, 45.99 . 85,99 105.00 135,90 145.99 245.00 845.99 445.00 54500 645.90 743.99
4o vy 0.0195 1.0554 1.0688 1,1116 1,1524 11918 1.2288 1.2648 1.9006 1. 1.4043 1.6473 1.7049 1,9390 2,0814 2.3220
(454.01) h 434.03 12050 1200.6 1325.3 1240.3 1355.0 1268.0 1380.9 1392.6 1303.9 1350.7 1413.8 1487.3 1520.6 1574.1 1628.0
s 0.6330 1.4702 1.4812 1.4081 15138 1639! 1.5432 1.5880 1.5604 1.577% 1.8378 1. 1.7130 1.7508 1.7863 1.8197
- - -k _—
Sh - 8,73 28,73 43.73 63,73 83.78 103.78 133.78 143.78 343.73 343.73 448.73 543.73 643.73 743.73
480 v 0.0195 1.0318 1,0401 1.0824 1.1230 1.1617 1.1983 1.3337 1.3681 1.3013 1.4508 1.6093 1.7539 1,8051 2.0345 2.1720
(456.27) h 437.18 1205.0 1307.9 1223.7 1288.7 1253.8 1286.9 13%0.0 1391.8 1303.) 1359.1 1413.4 1467.0 1520.3 1573.9 1827.8
. o 08357 1.4730 1.4771 1.4041 1.5099 1.5255 1.5387 1.8517 »x.uxx 16740 1.8245 16004 1.7103 1.7481 1.7838 1.8171
8h 21.52 41.52 61.52 B81.53 101.533 131.52 141.53 241.52 341.52 441.52 541.52 641.52 741.52
480 v 0.0196 1.0002 1.0545 1.0946 1.13290 1,1600 1.2080 1.3879 1,2706 1.4288 1.5720 1.7147 1. 1.9898 2.1
(458.48) b 430.80 1208.0 1222.0 1237.2 1252.5 12658 1270.0 1291.0 1302.3 13888 1413.0 1468.6 1520.0 1573.7 1827.7
s 0.6384 1.4719 1.4902 15082 1.3230 1. 1.5488 1.5710 1.6317 1.6607 1.7076 1.7455 1.7811 1.8146
8h 19.34 30.34 50.34 >79. 9 110.34 139.34 339.34 330.34 430.34 539.34 639.34 730.34
470 v 0.0196 098758 1.0278 1,0676 11053 1.1410 11788 13,2001 1.2412 1.3087 1.5381 1.8772 1,8127 1.0466 2.0785
(460.66) h 442,17 1205.0 1220.2 1335.7 1251.2 1264.7 12780 1290.0 1301.5 1358.0 1412.5 1466.3 1510.8 1573.5 1627.5
s 0.6411 1.4609 1.4863 1.5025 1.5185 1.5321 1.5453 1.8570 1.5680 1,6180 1,8839 1.7060 1.7429 1.7785 1.8120
8h 17.20 37.20 §7.20 77.20 97.20 117.20 187,20 237.20 337.20 437.20 537,20 637.20 737.20
430 v 0.0197 0.9668 1,0021 1.0416 1.0780 1.1141 1.1482 1,1813 1.2131 1.3630 1.5049 1.6413 1.7742 1.0054 2.0347
(4£62.80) h 444.60 1305.0 1218.6 1234.2 1240.9 1263.5 1277.0 1$80.1 1300.8 1357.5 1412.1 14680 1519.5 1573.3 1827.3
s 0.6436 14879 1.4825 14989 1.5151 1.5288 1.5422 1,5539 1.5650 1.6161 1,6612 1.7023 1.7402 1.7758 1.8003
Bh 1500 35.00 5500 75.09 95.00 115.00 135,09 285.00 335.09 435,09 535.09 635,00 735.00
490 v 0.0197 0.9466 0.9774 1,0188 1.0535 1.0884 1,1230 1.1548 1,1860 13335 1.4729 1.50687 1.7371 1,8839 1.0027
(464.91) h 447,00 1204.0 1217.0 1332.7 1248.4 1262.3 1276,0 1388.3 1300.0 1411.7 1465.6 1510.2 1573.1 1827.1
s 0.6482 1.4659 14789 1.4954 1.51168 1.3356 1.5392 15511 1.5623 16185 1.6888 1.6999 1.7379 1.7736 1.8071
8h 13.00 33. 53.00 73.00 93.00 113,00 133.00 233.00 333.00 433,00 533.00 633.00 733.00
$00 v 0.0197 0.927¢ 0.8638 0.0926 1.0200 1.0636 1. 1,1292 1.1800 1.3081 1.4417 1.5735 1.7018 1.8280 1.9532
(467.00) b 449.40 1204.0 1215.3 12314 1246.6 1261.1 12750 1287.3 1299.3 13568,3 1411.2 14651 1518.8 1572.9 1627.8
. * 0.6488 1.4641 1.4752 1.4922 1.5079 1.5235 1. 1.5482 1.5506 1.6110 1.8564 1.8975 1.7356 1.7714 1,8053
8h 1095 30.95 50.95 70.85 90.95 110.95 130.95 230,95 330.95 430.95 530.95 630.95 730.95
§10 ¥ 0.0198 0.9090) 0.9310 0,9695 1.0056 1.0397 1.0727 1.1 1,1350 1.2780 1.4137 1.5418 1.6675 1.7015 1.0138
(469.05) h 451,75 1204.8 1218.8 1228.6 1345.6 1230.0 1374.0 1388.6 12084 1355.7 1410.9 1465.0 1818.7 1572.6 1626.8
s 0.8518 14621 14714 1.4883 1.5048 1.5192 1.5333 1.5454 1.3566 1.6082 1. 1.6951 1.7332 1.7689 1,8028
Bh 8.93 2803 4893 68.93 8893 108.83 128,93 228,03 328.93 428.93 528,08 628.93 728.93
#1210 v 0.0198 0.8013 0.9091 0.9472 0.9829 1.0160 1.0404 1,0810 1,1110 1.2519 1.3844 1.5113 1.6347 1.7565 1.8763
(4T1.07) b 454,07 1204.7 1211.8 1228,1 1244.2 1258.6 12729 1 .8 1297.6 1355.1 14104 1464.6 1518.4 1572.4 1626.6
a 0.6537 1.4601 14677 1.4849 1.5015 1.5160 1.5302 1,54285 1.5539 1.6057 1.8514 1.6928 1.7310 1,7688 1.8008
8h 8.05 26.95 46.05 68.95 86.95 106.05 120.95 226.95 326.95 426.95 526.05 626.05 726.08
530 v 0.0109 0.8741 0.8879 0.9258 0.9612 0.9948 1.0260 1.0582 1.0878 1,2267 1.3571 1.4818 1.86031 1.7228 1.840%
{473.05) h 456.35 1204.8 1210.0 1226.5 1242.8 1257.3 1271.8 1384.8 1206.8 1354.6 1410,0 1484.3 1518.1 1572.2 1826.4
s 0. 2 1.4584 1.4642 1.4816 1.4984 1.5130 1.5374 1.5400 1.5514 1,8035 1.8493 1.6008 1,7290 1.7848 1,798
8h = superheat, deg. F. h = enthalpy, B.t.u. per Ib,
v = specific yolume, ou. {t. per Ib, 2 = entropy. B.t.u. per deg. F. per b

T.T.3-2,5-8
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. TABLE 3. SUPERREATED STEAM- -{(lontinued

Abe

Lhb. /'RQ lu
‘8at. 'I‘emp‘

© Sat. - Sat,
Water Steam

$00°

.520°  840°

) Truremaruse-—Dronsca FAimasnmerr
580°  880°

600“‘

650°

" 700°

180°

800°

380
(476.94)
560
(478.85)
570
(480.73)
380
(482.58)

390
(484.41)

800
(486.21Y

§10
(487.99)

120
(489.75)
630
(491.49)
340
(483.21)
450
(494.90)
880
(498.58)

€10
(498.23)

w
- g

680
{489.87)

90
(501.49)

700
(503.09)

‘Sh
540 .
(475.02)

. o
@.d

4z} wn
w rd B

m
o4 w4 b

o
w rd

m
= g

m e
LR - -

w
w < B

0.0199 0.8576
458.82 1204.5
0.6585 1.4565

0.0199 0.8418
460.83 1204.4
0.6609 1.4548

0.0200 0.8263
463.04 1204.3
0.6632 1.4530

0.0200 0.8114
465.22 1204.1
0.8656 1.4512

0.0201 0.7968
467.37 1204.0
0.6877 1.4494

0.0201 0.7831
469 50 1203.8
0.8699 1.4477

0.0201 0.7608
471.59 1208.8
0.8721 1.4460

‘24,88
0.8051
1225.0
1.4781

23.06
0.8851
1223.4
1.4748

21.15
0.8658
1221.8
1.4714

19.27
0.8472
1220.2
1.4881

17.42
0.8201
1218.8
1.4648

15.69
0.8116

1217.0
1,4016

1.4588
12,01

0,0202 0.7865 0.7781

473.67 1203.8
0.6743 1.4444

0.0202 0.7438
475.72 1203.3
0.8764 1.4437

0.0202 0.7316
477.76 1203.1
0.8785 1.4410

0.0203 0.7197
479.79 1202.9
0.8806 1.4304

0.0203 0.7082
481.73 1202.7
0.8826 1.4379

0.0204 0.6069
483.77 1202.5
0.8847 1.4363

0.0204 0.6861
485,81 1202.3
0.6867 1.4349

0.0204 0.6757
487,64 12021
0.0886 1.4332

0.0205 0.8652
480.58 1201.8
0.6008 1.4316

0.0205 0.8552
481.49 1201.06
0.8926 1.4301

1213.8
1.4552

10.26
0.7622
1213.2
1.4520

851
0.7466
1210.6
1.4488

8.79
0.7317
1200.0
1.4458

5.10
0.7171
1207.3
1.4427

3.42
0.7031
1206.7
1.439¢6

1.77
0.6892
1204.0
1.4367

44,98 064.98
0.9401 0.9736
1241.4 1256.1
1.4950 1.5008

43.06 63.08

1.4822 1.4978

35.59 55.59
0.8455 0.8778
1234.0 1249.8
1.4791 1.4949

33,79 53.79
0.8284 0.8605
'1232.5 1248.3
1.4760 1.4920

32.01 5201
0.8120 0.8436
1230.9 1246.9
1.4728 1.4800

30.38 50.25
0.7960 0.8275
1229.5 1245.5
1.4608 1.4860

28.51 48.51
0.7802 0.8117
1227.8 1244.1
1.4665 1.4830

26.79 46.79
0.7851 0.7063
1226.8 1242.7
1.4886 1.4802

25.10 45.10
0.7504 0.7818
1224.8 12413
1.4607 1.4774

23.42 4342
0.7361 0.7672
1223.2 12400
1.4576 14748

21.77 4177
0.7224 0.7531
1221,7 1238.7
1.4549 14721

20.13 40.13
0.7089 0.7397
1220.2 1237.3
1.4519 1.4892

18.31 38.51
0.6956 0.7263
1218.5 1235.8
1.4488 1.4663

16,91 36.91
0.6830 0.7133
1217.1 1234,
1.4461 L. 4838

84,98
1.0054
1270.7
1.5248

83.06
0.9846
1289.8
1.5215

81.15
0.8644
1268.5
1.5187

79.27
0.9450
1267.3
1.5158

1.5128

75,59
0,9082
1265.0
1,5101

73.79
0.8907

1263.7 1

1.5073

72.01
0.8738
1262.5
1.5044

70.28
0.8572
1261.3
1.5016

1:4088

68,79
0,8258
1268.9
1.4962

85.10
0.8107
1257.8
1.4035

63.42
0.7962
1258.4
1.4908

61.77
0.7820
1255.1
1.4883

60.13
0.7683
1253.9
1.4856

58.51
0.7549
1252.5
1.4828

56.91
0.7419
1251.3
1.4803

104,98 124.98
1.0363 1,0855
1283.8 1296.0
1.5370 1.5486

103.08 123.08
1.0151 1.0441

1281.0 1293.5
1.6291 1.5410

97.42 117.42

2
'0.9558 0.9839

1280.0 1292.68
1.5264 1.5384

$5.59 115.59
0.9373 0.9653

1278.9 1201.8
1,6238 1.5359

1.5313 '1.5334
92.01 112.01

0.2022 0.9298 0

11788 1200.0
15188 1.8309

10.98
0 27
1 1289.1
1,81 1.8284

88.81 108.51
0.8094 0.8963
1274.7 1288.3
1.5130 1.5260

86.79 108.79
0.8537 0.8804
1273.86 1287.4
1.5105 1.5236

86.10 10s5.10
0.8384 0.8648
1272.5 1288.5
1.5080 1,5213

83.42 103.42
0.8237 0.8499
1271.4 1285.6
1.5054 1.5188

1.5004 1.5142

78.51 - 98.51
0.7818 0.8075
1268.0 1282.7
1.4y78 1.5118

76.91 66.91
0.7687 0.7941
26,8 1281.9
14953 1.5097

174.98
1.1358
1825.8
1.5759

173.08
1.1132
1324.9
1.5735

1.5615

162.01
9042

1320.6
1.6591

180.25

1,5568

158.51
0.9595
1319.2
1.55458

156.79
0.9429
1318.5
1.5523

1.5415

146.91
0.4534
1314.3
1.5398

224,98
1.2025
1354.0

210.25
1.0364
1348.3
1.5827

208.51
1.0187
1348,7
1.5805

203.42
0.9688
1347.0
1.5742

201.77
0.9527
1346.3
1.5723

200.13
0.9375
1345 8
1.5703

198.51
0.9225
1345.1
1.5081

19691
090384
1344.6
1.56683

274.98
1.2671

'1382.1
6009 1.8246

273.08

1.2428
1381.6
1.6224

271.15
1.2193
1381.1
1.6202

209.27
1.1068
1380.8
1.8179

207.42
11747
1880.0
1.6156

263.79
1.1833
1378.0
1.6112

262,01

1.1135
1878.8

5850 1.8091

280.28°
1.0043
1377.9
1.6068

258.51
1.0757
1377.4
1.6047

256.79
1.0578
1376.8
1.6028

255.10
1.0404
1376.3
1.6008

253.42
1.0234
1375.8
1.5985

25177
1.0072
1375.3
1.5968

,250.13
'0.9912
1374.7
1.5947

248.51
0.9758
1374.2
1.5927

246.61

1.5008

317.42
1.2347
1407.8
1.6381

316.59
1.2128
1407.4
1.6360

813.79
1.1015
1407.0
1.8839

312.01
1.1708
1406.5
1.8318

1404.3
1.8218

301.77
1.0549Q
1403.9
1.6200

300.13
1.0432
1403 4
1.6179

298.51
1.0272
1402.8
1.6159

298,91
1.0117
1402.5
1.6141

410.26
1.2598
1481.2
1.8717

408.51

1.6603

398.51
1.1267
1458.7
1.6588

396.91
1.1040
1458.2
1.6567

S8h =~ muperbesat, deg. F.
v = specifia volume, ou. [t. per Ib.

b = enthalpy, B t.u.
s = entropy. Bty per deg.

per lb.

17224

519.27
1.4879
1617.0
1.7204

517.42
1.4616

17045

503.42 6

1.2797
1514.4
17027

18992

4u8 51
1.2223
1513.8
1.6075

$U6.51
1 243
134
1.6954

F.perlb

- 15 -

1.75622

618.7¢
1.6170
1670.8
1.7502

812.01
1.4928
1670.3
1.7484

17321

710.23
1.5707
1624.7
1.7803

708.51
1.544%
1624

1778+
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Science Fundamentals - T.T.3

1 1

Heat & Thermodynamics

-8 = Steam Tables

i
!

- Assignment

(a) Define "quality" of wet steam.
(b) Define "per cent" of moisture.
Determine ehthalpy of superheated steam at 600 psia and 800°F,

Steam admitted to the NPD turbine is dry saturated and has
a temperature of 450°F, Determine enthalpy and density of the
steam, .

Steam exhausted from the above turbine into the condenser has
a moisture content of 11%. Calculate enthalpy of the steam
if temperature in the condenser is 95°F,

May 1964 (R-1)
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NUCLEAR ELECTRIC G.S, TECHNICAL TRAINING COURSE

3

# - Scilence Fundamentals - T.7.3
5 - Heat & Thermodynamics

-9 - Air and Steam

- INTRODUCTION

In thls lesson we will discuss the properties of a mixture
of air and steam and define some of the terms which are frequently
used, such as relative humldity and dew point.

INFORMATION

Pure dry air is a mixture of oxygen and nitrogen. It also
contains negligible amounts of rare gases, such as argon. Air,
as we find it all around us, however, contalns molsture in varying
amounts, and can be regarded as a mlxture of air and steam.

How can we get steam at atmospheric pressure and low tempera-
tures? The answer 1s that while the mixture is at atmospheric
pressure, the water vapor 1s not. It is actually at extremely low
pressure., And slnce we know from the previous lessons that the
temperature at which water boils or vaporizes gets lower as prec-
sure goes down, we can see that, at these extremely low pressures,
water will exist in the form of steam even at ordinary temperatures
say, TO°F.

1.1 Partial Pressures

These low pressures come about because ii we mix any tws gases
in a given space, each acts pressure~wise as 1f the other did not
exist. FEach is under the pressure it would have, if it occupied
the space by itself. Pressure of the mixture is the sum of the
two partial pressures. The last statement is known as Dalton's
Iaw, which is defined as follows:

"Dalton's Law": If two or more gases exist as a
mixture in a closed vessel, the
total pressure exerted by the

mixture on the walls of the ves-
sel will be equal to the sum of
individual pressures exerted by
the gases makling up the mixture.

May, 1964 (R-1) , -
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To see how thls works, let us start with steam at T70°F.
Tty absolute pressure at that_temperature is approximately 0.36
psla and density 0.0011 1b/ft3, (see lesson on steam tables.
Sample Problem No, 6). This means that 0.0011 1b, of dry satur-
ated steam at T7O0°F would fill one cubic foot. Now if we add
enough air to make one cubic foot of mixture, what do we have?
Total pressure, we know will be atmospheric pressure, say 14.70
psila. Then the partial pressure of the air must be 14,70-0.36
or 14.34 psia.

We remember from the previous lessons that for any glven
pressure there 1s one temperature at which steam starts to vapor-
lze or condense. This is known as saturation temperature, It
depends entirely on the pressure being lower at lower pressures.
Furthermore, steam at any given pressure and saturation tempera-
ture has a certain density.

For convenience, let us put down some of the figures (ex-
tracted from the steam tables given in lesson on steam tables)
corresponding to the range of temperatures of moist air that are
of practical interest to us.

Saturation Corresponding Spec. Vol. Density of
Temperature Pressure of dry sat,. dry sat.
Steam Steam
deg. F psla v, £t3/1b. W =—%, 1b/ft3
Lo 0.12170 244L "~ 0.0004
50 0.17811 1703.2 0.0006
60 0.2563 1206.7 0.0008
70 0.3631 867.9 0.0011
80 0.5069 633.1 0.0016
90 0.6982 468.0 0.0021

Now let us assume we have a cubic foot of moist air at TO°F
and we find that it contains 0.0004 1b. of moisture. A glance
at the table above shows that at 70°F a cubic foot will hold
-0011 1b. of steam. Since we have less, the steam must be super-
heated, and the table tells us how much: 70 - Lo, or 30°F.

1.2 Relative Humidity

We can see that our cubic foot holds less moisture than it
could hold. The term "relative humidity" is a measure of this.
Here we have 0.0004 1b. when we could have 0.0011. Ratio is L4

1T
= 0.36 or 36%.

This is relative humidity. Thus denoting relative humidity
with the symbol @ (phi) it can be defined as follows: :

@ = Actual vapor density
Density, sat. vapor at mixture temperature.
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Fo4 o Diewpaint,

Mow It us bLake onp mixture  with 0.0000 1h, of moluslure In a
cuble foot, and eonl 1t down, Referring to the table again, we see
that 1f we cool 1t to ho°F, 1t will be holding all the moisture a
cuble foot can hold at that temperature. It has 100% relative
humidity. Such a mixture is called saturated. If we try to cool
this mixture further, some of the steam will condense, Tempera-

ture at which this condensation starts, in this case, 40°F, is the
ggﬂ_ggégg temperature.

, As we can see, the dew point of any mixture of' alr and water
vapor depends entirely on how much molsture 1s present. For example,

a cuble-font containing 0.0006 1b. of waterp vapor has a dew point
of 50°R, ' .

D.G, Dueek
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2 - Sclence Fundamentals - T.T.3
5 -~ Heat & Thermodynamics
-9 - Alr and Steam

A - Assignment

. Define "Dalton's Law'".
Define "Relative Humidity",

- ~ Explain briefly the meaning of the term "Dew Point Temperature",

& 0w

- A cuble foot of a mixture of air and steam at 80°F contains 0,0008
1b. of moisture. How much is the steam superheated?

May, 1964 (R-1) | : e i -
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* NUCLEAR ELECTRIC G.S. TECHN.CAL TRAINING COURSE

2 - Science Fundamentals - T.T.3

5 - Heat & Thermodynamics

-10 - Dew Point Hygrometer

INTRODUCTION

This lesson will describe the Dew Point Hygrometer and
demonstrate how this instrument is used to measure relative
humidity of the air.

INFORMATI ON

In the usual form of these instruments, (see Figure 1),
means are provided for cooling and observing the temperature
of the surface which is exposed to air. The temperature at

“which visible condensation occurs on the surface is considered

the dew point of the air. With the dew point temperature known,
the relative humidity and other properties of the air can be
calculated or taken from tables and charts. A bright surface

or metallic mirror is usually employed to improve the visibility
of the dew deposit and various means are used to cool the mirror
from the back, including evaporating ether or another refrigerant,
or a stream of air passed through dry.ice. Dew point temperatu-
res, in some cases, are observed by means of thermometers in
filulds in contact with the back of the mirror, but in modern
instruments, thermocouples are used, and are soldered or welded
to the mirror itself, :



T0T13"2e5“10

e Thermometer

air
‘MJF' - /a'/
/ e
Plastic 7
Tube )
~ LT N
//ﬁb-"““” . j Metallic mirror
- e ;

)
L//\

! \

(2 . .Glass window

N

Fige 1

Sample Problem

A dew point hygrometer is used in the NPD Fan Room to
measure the dew point of the air leaving the plant. What is
the relative humidity of the air at 70°F if the dew point
tenperature is 50°F?

From the steam tables
at 50°F, vV = 1703.2 f'b3/lb, w = _:_]_- - 0'0006 lb/ftB.
v
at 70°F, v = 867.9 £63/1b. w =1 _ 4 0011 1p/pt3.
v
7= 3% - 05 - 5.5

D+ Dueck
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9 - Science Fundamentals - T.T.3
5 - Heat & Thermodynamics

~10 - Dew Point Hygrometer .

1. Desgcribe briefly,.the dew point hygrometer.

2, What is the relative humidity of the air at 75°F
"~ if the dew point temperature is %5°F?

May 1964 (R-1)



